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RULES 

ADOPTED  MAY,  1873.    AMENDED  MAY,  1875,  MAY,  1877,  MAY,  1878,  FEBRUARY,  1880, 

and  FEBRUARY,  1881. 


I. 

OBJECTS. 


The  objects  of  the  American  Institute  of  Mining  Engineers  are  to  pro- 
mote the  Arts  and  Sciences  connected  with  the  economical  production  of  the 
useful  minerals  and  metals,  and  the  welfare  of  those  employed  in  these  industries, 
by  means  of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of 
professional  papers,  and  to  circulate,  by  means  of  publications  among  its  members 
and  associates,  the  information  thus  obtained. 


II. 

MEMBEBSHIF. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geol- 
ogists, metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining, 
metallurgy,  or  metallurgical  engineering.  Associates  shall  include  all  suitable 
persons  desirous  of  being  connected  with  the  Institute  and  duly  elected  as  here- 
inafter provided.  Each  person  desirous  of  becoming  a  member  or  associate  shall 
be  proposed  by  at  least  three  members  or  associates,  approved  by  the  Council, 
and  elected  by  ballot  at  a  regular  meeting  upon  receiving  three-fourths  of  the 
votes  cast,  and  shall  become  a  member  or  associate  on  the  payment  of  his  first 
dues.  Each  person  proposed  as  an  honorary  member  shall  be  recommended  by 
at  least  ten  members  or  associates,  approved  by  the  Council  and  elected  by  ballot 
at  a  regular  meeting  on  receiving  nine-tenths  of  the  votes  cast ;  Provided^  that 
the  number  of  honorary  members  shall  not  exceed  twenty.  The  Council  may  at 
any  time  change  the  classification  of  a  person  elected  as  associate,  so  as  to  make 
him  a  member,  or  vice  versd,  subject  to  the  approval  of  the  Institute.  All  mem- 
bers and  associates  shall  be  equally  entitled  to  the  privileges  of  membership; 
Provided,  that  honorary  members  shall  not  be  entitled  to  vote  or  to  be  members 
of  the  Council. 
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Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of 
the  Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present 
at  any  annual  meetino:,  due  notice  having  been  mailed  in  writing  by  the  Secre- 
tary to  the  said  member  or  associate. 


III. 
DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars  per  annum,  payabl. 
in  advance  at  the  annual  meeting  ;  Provided.,  that  persons  elected  at  the  meetinsr 
following  the  annual  meeting  shall  pay  eight  dollars,  and  persons  elected  at  the 
meeting  preceding  the  annual  meeting  shall  pay  four  dollars  as  dues  for  the  curreni 
year.  Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  asso- 
ciate may  become,  by  the  payment  of  one  hundred  dollars  at  any  one  time,  a 
life  member  or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any 
member  or  associate  in  arrears  may  at  the  discretion  of  the  Council  be  deprived 
of  the  receipt  of  publications,  or  stricken  from  the  list  of  members  when  in 
arrears  for  one  year;  Provided,  that  he  may  be  restored  to  membership  by  the 
Council  on  payment  of  all  arrears,  or  by  re-election  after  an  interval  of  three 
years. 

IV. 

OFFICERS. 

The  affairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a 
President,  six  Yice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who 
shall  be  elected  from  among  the  members  and  associates  of  the  Institute  at  the 
annual  meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that 
office  subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the 
Vice-Presidents  for  two  years,  and  the  Managers  for  three  years ;  and  no  Vice- 
President  or  Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office 
at  the  expiration  of  the  term  for  which  he  was  elected.  At  each  annual  meeting 
a  President,  three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer 
shall  be  elected,  and  the  term  of  office  shall  continue  until  the  adjournment  of 
the  meeting  at  which  their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute  ;  and  the  Council  may  in 
its  discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meet- 
ing the  Council  shall  make  a  report  of  proceedings  to  the  Institute  together  with 
a  financial  statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation ;  or  the  Council 
may  by  vote  of  a  majority  of  all  its  members  declare  the  place  of  any  officer 
vacant,  on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the 


RULES.  I 

Council  meetings  or  perform  the  duties  of  his  office.  All  vacancies  shall  he  filled 
hy  the  appointment  of  the  Council,  «iid  any  person  so  appointed  shall  hold  office 
for  the  remainder  of  tlie  term  for  which  his  predecessor  was  elected  or  appointed  ; 
Provided,  that  the  said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Five  memhers  of  the  Council  shall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly 
called  meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to 
the  approval  of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the 
Secretary,  and  recorded  by  him  with  the  minutes. 


V. 

ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  ma}'-  be  sent 
in  writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at 
any  time  not  less  than  thirty  days  before  the  annual  meeting;  and  the  Secretary 
shall,  not  less  than  two  week?  before  the  said  meeting,  mail  to  every  member  or 
associate  (except  honorary  members),  a  list  of  all  the  nominations  for  each  office 
so  received,  stamped  with  the  seal  of  the  Institute,  together  with  a  copy  of  this 
rule,  and  the  names  of  the  persons  ineligible  for  election  to  each  office.  And  each 
member  or  associate,  qualified  to  vote,  may  vote,  either  by  striking  from  or 
adding  to  the  names  of  the  said  list,  leaving  names  not  exceeding  in  number  the 
officers  to  be  elected,  or  by  preparing  a  new  list,  signing  said  altered  or  prepared 
ballot  with  his  name,  and  either  mailing  it  to  the  Secretary,  or  presenting  it  in 
person  at  the  annual  meeting  :  Provided,  that  no  member  or  associate,  in  arrears 
since  the  last  annual  meeting,  shall  be  allowed  to  vote  until  the  said  arrears  shall 
have  been  paid.  The  ballots  shall  be  received  and  examined  by  three  Scruti- 
neers, appointed  at  the  annual  meeting  by  the  presiding  officer  ;  and  the  persons 
who  shall  have  received  the  greatest  number  of  votes  for  the  several  offices,  shall 
be  declared  elected,  and  the  Scrutineers  shall  so  report  to  the  presiding  officer. 
The  ballots  shall  be  destroyed,  and  a  list  of  the  elected  officers,  certified  by  the 
Scrutineers,  shall  be  preserved  by  the  Secretary. 

VI. 

MEETINGS 

The  annual  meeting  of  the  Institute  shall  tano  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute,  and  an  abstract 
of  the  accounts,  shall  be  furnished  by  the  Council.  Two  other  regular  meetings 
of  the  Institute,  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Coun- 
cil shall  select.  Special  meetings  may  be  called  whenever  the  Council  see'  fit; 
and  the  Secretary  shall  call  a  special  meeting  on  a  requisition  signed  by  fifteen  or 
more  members.  The  notices  for  special  meetings  shall  state  the  business  to  be 
transacted,  and  no  other  shall  be  entertained. 
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Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Rules,  by  the  votes  of  the  majority 
of  the  members  then  present.  The  place  of  meeting  shall  be  fixed  in  advance 
by  the  Institute,  or,  in  default  of  such  determination,  by  the  Council,  and  notice 
of  all  meetings  shall  be  given  by  mail,  or  otherwise,  to  all  members  and  asso- 
ciates, at  least  twenty  days  in  advance.  Any  member  or  associate  may  introduce 
a  stranger  to  any  meeting;  but  the  latter  shall  not  take  part  in  the  proceedings 
without  the  consent  of  the  meeting. 


VII. 

PAPERS. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating  to 
the  Institute  any  papers  which  may  be  received,  and  they  shall  be  at  liberty, 
when  they  think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute, 
shall  be  printed  in  the  Transactions.  Intimation,  when  practicable,  shall  be 
given  at  each  General  Meeting,  of  the  subject  of  the  paper  or  papers  to  be  read, 
and  of  the  questions  for  discussion  at  the  next  meeting.  The  reading  of  papers 
shall  not  be  delayed  beyond  such  hour  as  the  presiding  officer  shall  think  proper  ; 
and  the  election  of  members  or  other  business  may  be  adjourned  by  the  presiding 
officer,  to  permit  the  reading  and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by  the  Institute, 
shall  be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author. 
The  author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve 
copies,  if  printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number 
of  copies  at  the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended 
for  sale.  •  The  Institute  is  not,  as  a  body,  responsible  for  the  statements  of  factor 
opinion,  advanced  in  papers  or  discussions,  at  its  meetings,  and  it  is  understood 
that  papers  and  discussions  should  not  include  matters  relating  to  politics  or 
purely  to  trade. 


VIII. 

AMENDMENTS. 

These  Rules  may  be  amended,  at  any  annual  meeting,  by  a  two-thirds  vote  of 
the  members  present,  provided  that  written  notice  of  the  proposed  amendment 
shall  have  been  given  at  a  previous  meeting. 


PROCEEDINGS 


OF    THE 


LAKE    SUPERIOR    MEETING. 

AUGUST,  1880, 


VOL.    IX. — 1 


In  accordance  with  a  programme  arranged  by  a  committee  of  the 
Institute,  consisting  of  Mr.  William  P.  Shinn,  of  St.  Louis,  chair- 
man, and  Mr.  Joseph  D.  Weeks,  of  Pittsburgh,  secretary,  the  mem- 
bers of  the  Institute,  with  their  ladies  and  invited  guests,  assembled 
in  Chicago  on  Sunday  morning,  August  22d.  A  special  train,  pro- 
vided by  the  Chicago  and  Northwestern  Railway,  left  Chicago  on 
Monday  morning  at  7.50  o'clock,  and  conveyed  the  party  to  Mar- 
quette, arriving  at  9  o'clock  P.M. 

Here  the  steamer  Northern  Queen,  which  had  been  chartered  by 
the  committee  for  the  accommodation  of  the  Institute,  was  in  waitinof, 
and  the  members  and  ladies  at  once  took  up  their  quarters  on  the 
boat. 

EXCUKSIONS  IN  THE  MARQUETTE  IRON  REGION. 

Local  Committee. 

Executive.— J.  C.  Morse,  chairman;  C.  Y.  Osburn,  secretary  ;  D.  F.  Wads- 
worth,  treasurer;  C,  H.  Hall,  H.  Merry. 

Reception.— S.  P.  Ely,  J.  P.  Pendill,  E.  Breitung,  W.  F.  Swift,  A.  P. 
Swineford,  J.  C.  Fowle,  C.  G.  Griffey. 

Transportation. — Samuel  Schoch,  D.  Morgan,  D.  H.  Merritt,  J.  Pickands. 

Finance.— Peter  White,  A.  W.  Maitland,  W   D.  Rees,  E.  R.  Hall. 

Excursions.— W.  E.  Dickinson,  H.  A.  Burt,  A.  Kidder,  C.  E.  Wright. 

Refreshments.— J.  Q.  Adams,  H.  H.  Stafford,  Joseph  Kirkpatrick,  D.  H. 
Bacon. 

On  Tuesday  the  iron  mines  in  the  vicinity  of  Negaunee  and  Ish- 
peming  were  visited,  transportation  being  provided  by  special  trains 
on  the  Marquette,  Houghton  and  Ontonagon  Railroad.  In  the 
morning  the  McComber,  South  Jackson,  and  Jackson  mines  were 
inspected,  and  in  the  afternoon  the  Cleveland,  New  York,  Lake 
Superior,  and  Barnum  mines.  Dinner  was  provided  at  Negaunee, 
and  gracefully  served  by  the  ladies  of  the  town. 

In  the  evening  the  first  session  of  the  Institute  was  held  in  the 
saloon  of  the  steamer.  The  President,  William  P.  Shinn,  of  St. 
Louis,  congratulated  the  Institute  on  the  happy  consummation  of 
the  wishes  of  its  members  to  have  a  meeting  on  Lake  Superior. 
After  tedious  and  baffling  negotiations  arrangements  hod  been  com- 
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pleted  which  afforded  every  prospect  for  a  successful  meeting.  An 
address  on  the  Progress  of  Metalhirgical  Industry  in  the  United 
States  since  the  Centennial  Year,  which  he  had  in  preparation  but 
unfortunately  had  been  prevented  from  completing,  must  become  a 
part  of  the  printed  record  of  the  meeting. 

The  papers  read  and  discussed  at  this  session  were : 

Iron  Making  in  India,  by  J.  D.  Weeks,  of  Pittsburgh. 

^^Ore  in  Sight,''  by  Professor  Persifor  Frazer,  of  Philadelphia. 

The  Action  of  Sewage  Water  on  Boilers  and  Condensers,  by  Pro- 
fessor C.  O.  Thompson,  of  Worcester,  Mass. 

On  Wednesday,  August  25th,  excursions  were  made  by  special 
train  on  the  Marquette,  Houghton  and  Ontonagon  Railroad  to  the 
Republic,  Champion,  and  Michigamme  mines.  At  noon  the  mem- 
bers and  their  ladies  were  hospitably  entertained  at  dinner  by  the 
ladies  of  Republic*  L'Anse  was  reached  by  train  at  6  o'clock  p.m., 
where  the  Northern  Queen  awaited  the  party. 

•  EXCUKSIONS  IN  THE  PORTAGE  LAKE  COPPER  REGION. 

Local  Committee. 

Executive.— J.  N.  Wright,  chairman;   E.  H.  Tower,  treasurer. 

Reception.— B.  F.  Emerson,  J.  R.  Devereaux,  T.  L.  Chadbourne,  M.  B. 
Patch,   Richard   Uren,  William  Tonkin. 

Transportation. — James  R.  Cooper,  C.  E.  Holland,  Edward  Ryan,  Cap- 
tain Tonkin,    v 

Finance.— J.  N    Wright,  John  Daniell,  Z.  W.  Wright,  E.  H.  Tower. 

Refreshments. — Captain  J.  Vivian,  Colonel  C.  B.  Grant,  T.  Cullyford, 
James  R.  Cooper,  Richard  M.   Hoar. 

At  3  o'clock  Thursday  morning  the  steamer  left  L'Anse,  and 
arrived  at  Houghton  about  7  o'clock.  During  the  morning  the 
copper  smelting  works  at  Hancock  (Detroit  and  Lake  Superior  Cop- 
per Company)  and  the  stamp  mills  of  the  Osceola  and  Quincy  mines 
were  visited.  In  the  afternoon  opportunity  was  afforded  to  go  into 
the  Atlantic,  Franklin,  and  Quincy  mines,  transportation  being  pro- 
vided from  the  lake  by  cars  at  the  Atlantic  mine,  and  carriages  at 
the  Quincy  mine. 

*  In  addition  to  the  courtesies  received  by  members  of  the  Institute  from  in- 
dividuals in  the  Marquette  iron  region,  they  were  indebted  for  hospitality  to  the 
following  companies  :  Jackson  Iron  Company,  Cleveland  Iron  Mining  Company, 
Iron  Cliff  Company,  Lake  Superior  Iron  Company,  Pittsburgh  and  Lake  Ange- 
line  Iron  Company,  Republic  Iron  Company,  Champion  Iron  Company,  and  the 
Michigamme  Iron  Company. 
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On  Thursday  evening  a  session  was  held  on  the  steamer,  when 
the  following  papers  were  read  : 

A  Short  Blast  at  the  Warwick  Furnace,  Pennsylvania,  by  John 
Birkinbine,  of  Philadelphia. 

An  Outline  of  the  Geology  of  the  Lake  Superior  Copper  District, 
by  Professor  W.  H.  Pettee,  of  Ann  Arbor,  Michigan,  supplemented 
by  remarks  by  Professor  Poland  D.  Irving,  of  Madison,  Wisconsin. 

Some  Copper  Deposits  of  Carroll  County,  Maryland,  by  Professor 
Persifor  Frazer,  of  Philadelphia. 

On  Friday  morning  a  special  train,  provided  by  the  Mineral 
Range  Railroad,  conveyed  the  party  to  the  Calumet  and  Hecla 
mine,  where  facilities  were  afforded  for  inspection  of  the  mine  and 
machinery  under  the  guidance  of  the  officers  of  the  company.  At 
noon  dinner  was  served  in  Schoolhouse  Hall  by  the  Calumet 
and  Hecla  Company.  After  dinner  a  special  train  of  open  cars 
conveyed  the  party  to  Torch  Lake,  where  the  stamp  mills  of  the 
Calumet  and  Hecla  Company  are  situated.  Here  the  Northern 
Queen  was  in  waiting,  and  conveyed  the  members,  after  inspecting 
the  mills,  back  to  Houghton.  The  evening  was  devoted  to  the  sub- 
scription dinner  at  the  Douglass  House,  in  Houghton,  after  which, 
at  11  o'clock,  the  Northern  Queen  steamed  out  of  Portage  Lake  on 
her  way  to  the  north  shore. 

Silver  Islet  Landing  was  reached  on  Saturday  morning,  and, 
while  awaiting  the  return  of  the  superintendent,  a  delightful  sail 
was  taken  around  Thunder  Cape.  In  the  afternoon  the  members 
were  allowed  to  visit  the  Islet  under  the  courteous  guidance  of  Cap- 
tain Richard  Trethewey,  Jr.,  general  superintendent  of  the  mine, 
and  a  limited  number  went  underground.  About  5  o'clock  in  the 
afternoon  the  north  shore  was  left  behind  and  the  steamer  resumed 
its  course  to  Marquette. 

A  third  session  of  the  Institute  was  held  on  Saturday  evening, 
when  the  following  papers  were  read : 

Notes  on   the  Geology  of  Gunnison   County,  Colorado,  by  Pro 
fessor  Persifor  Frazer,  of  Philadelphia. 

The  Silver  Sandstone  District  of  Utah,  by  CM.  Rolker,  of  New 
York  ;  read  by  Professor  Maynard. 

Notes  on  Two  New  Processes  for  the  Extraction  of  Nickel  from  its 
Ores,  by  H.  M.  Howe,  of  Boston. 

Owing  to  delays  by  fog  the  steamer  did  not  reach  Marquette  until 
noon  on  Sunday.     After  an  hour's  stop  the  trip  was  resumed  to  the 
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Sault   Sainte  Marie,  which   was   reached   at  an  early  hour  Monday 
morning. 

The  fourth  session  was  held  on  Monday  morning.  The  papers 
read  were : 

Rail  Specifications  and  Inspection,  by  C.  P.  Sandberg,  of  London, 
England,  read  by  Dr.  C.  B.  Dudley. 

Notes  on  the  Early  History  of  Copper  Mining  on  Lake  Superior, 
by  Martin  Coryell,  of  Lambertville,  N.  J. 

Notes  on  Various  Forms  of  Ports  for  Gas  Melting  Furnaces,  by  P. 
Barnes,  of  Springfield,  Illinois. 

The  Weight,  Fall,  and  Speed  of  Stamps,  by  Professor  H.  S.  Mun- 
roe,  of  New  York  city ;  read  by  Professor  Pettee. 

The  final  session  was  held  on  Monday  afternoon.  The  papers 
read  were : 

Relations  of  the  Graphite  Beds  of  Chester  County,  Pa.,  to  the 
Geology  of  that  County,  by  Professor  Persifor  Frazer,  of  Philadel- 
phia. 

The  Chemical  Reactions  in  the  Bessemer  Process,  the  Charge  con- 
taining but  a  Small  Percentage  of  Manganese,  by  Charles  F.  King, 
Newport,  R.  I.,  read  by  the  secretary. 

Notes  on  Two  Scaffolds  at  the  Cedar  Point  Furnace,  by  T.  F. 
Witherbee,  of  Port  Henry,  N.  Y. ;  read  by  Mr.  Birkinbine. 

A  Flux  for  Rolling  Mill  Cinder  and  Silicious  Iron  Ores  in  the 
Blast  Furnace,  by  Dr.  J.  P.  Kimball,  of  Bethlehem,  Pa. ;  read  by 
the  Secretary. 

Note  on  a  Direct  Process  for  Treating  Fine  Iron  Ores,  by  W.  E. 
C.  Eustis,  of  Boston. 

The  following  papers  were  read  by  title : 

Mica  Mining  in  New  Hampshire,  by  Professor  C.  O.  Thompson, 
of  Worcester^  Mass. 

Copper  Refining  in  the  United  States,  by  Professor  T.  Egleston, 
of  New  York  city. 

A  Glossary  of  Mining  Terms,  by  Dr.  R.  W.  Raymond,  of  New 
York  city. 

The  Self-fluxing  Properties  of  Chateaugay  Magnetite  and  its  Treat- 
ment in  the  Blast  Furnace,  by  Dr.  J.  P.  Kimball,  of  Bethlehem,  Pa. 

The  following  persons  proposed  for  members  and  associates  of  the 
Institute  were  then  unanimously  elected. 
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MEMBERS. 

William  H.  Adams, 
William  F.  Almy,    . 
Walter  U.  Baines,    . 
John  D.  Bo^d, 
William  A,  Bray,     , 
H.  A.  Burt,       . 
John  W.  Cabot, 
Alonzo  Clarence  Campbell, 
Maxwell  Chapman,  . 
William  Chauvenet, 
John  Cliff, 

Frederick  G.  Coggin, 
Theodore  B.  Comstock, 
Augustus  L.  Crocker, 
R.  F.  J.  de  Peiger,  . 
Isaac  Eckert,    . 
John  P.  Edwards,    . 
John  D.  Evans, 
B.  F.  Fackenthal,  Jr., 
Michael  Fackenthall, 
Charles  G.  Francklyn, 
Frederick  W.  Gordon, 
Francis  N.  Gove,    . 
George  S.  Griffen,  . 
J.K.Griffith, 
George  H.  Hewitt,  . 
Edward  S    Hutchinson, 
E.  K.  Hyndman, 
Charles  F.  King,     . 
J.  S.  Lane, 
B.  C.  Lauth,    . 
William  J.  March, 
G.  C.  Marshall, 
William  L.  Neill,  . 
Earl  W.  Oglebay,  . 
Jacob  H.  Opperman, 
John  W.  Plummer, 
W.  D.  Rees,  . 
William  L.  Richards, 
Charles  L   Rogers, 
Pedro  G.  Salom,    . 
Arthur  W.  Sheafer, 
John  M.  Sherrerd, 
Frederic  VV.  Simonds 
John  William  Skiles,  Ji 
W.  A.  Smalley,     . 
George  Edward  Thackray, 
David  H.  Thomas, 
Jacob  Traber, 
Herman  Veeder, 


.     Dixon,  111. 
,     Chicago,  111. 
.     Worcester,  Mass. 
.     Uniontown,  Pa. 

Quinnesec,  Mich. 
.     Marquette,  Mich, 
.     Johnstown,  Pa. 
,     I^ashville,  Tenn. 
,     Pittston,  Pa. 
Newport,  R,  I. 
Hancock,  Mich. 
Lake  Linden,  Mich. 
Eureka,  Colorado. 
Springfield,  111. 
New  York  city. 
Topton,  Pa. 
Cleveland,  O. 
Chester,  N.  J. 
Riegelsville,  Pa. 
Hellertown,  Pa. 
New  York  city. 
Pittsburgh,  Pa. 
Dover,  N.  J. 
Phoenixville,  Pa. 
Nicetown,  Philadelphia. 
Lead  City,  Dakota. 
Cannelton,  W.  Va. 
Connellsville,  Pa. 
Newport,  R.  I. 
Akron,  O. 
Pittsburgh,  Pa. 
New  York  city. 
Uniontown,  Pa. 
New  York  city. 
Wheeling,  W.  Va. 
Canal  Dover,  O. 
Fairplay,  Col. 
Marquette,  Mich. 
Blossburg,  Pa. 
Rocky  Bar,  Idaho  Territory. 
Altoona,  Pa. 
Pottsville,  Pa. 
Secaucus,  N.  J. 
Chapel  Hill,  N.  C. 
Gothic  City,  Colorado. 
Georgetown,  Col. 
Springfield,  111. 
Alburtis,  Pa. 
Cincinnati,  O. 
Plattsburgh,  N.  Y. 
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John  Webb,  Jr.,     . 
Bard  Wells,    . 
Sydney  B.  Wight, 
Frederick  H,  Williams, 

Bailey  Willis, 

L.  S.  Woodbury,     . 

Charles  E.  Wright, 


ASSOCIATES. 


Augustus  C.  Brown, 

Alfred  Daniel  Churchill, 

William  O.  Comstock,  Jr., 

Solomon  S.  Curry,  . 

Jefferson  Day, 

James  M.  Ferguson, 

Howard  V.  Furman, 

William  H.  Harvey, 

J.  H.  King,     . 

Herman  Kobbe, 

David  McKee, 

George  Merryweather, 

J.  W.  Mills,    . 

Frank  Nicholson,    . 

George  C.  Stone, 

P.  A.  Taylor,  . 

John  M.  K.  Wickersham, 


Gouverneur,  N.  ^ 
Pottsville,  Pa. 
Detroit,  Mich. 
St.  Louis,  Mo. 
Newport,  R.  I. 
Calumet,  Mich. 
Marquette,  Mich. 


Marinette,  Wis. 
Davenport,  Iowa. 
St.  Louis,  Mo. 
Vulcan,  Mich. 
Vulcan,  Mich. 
Philadelphia. 
New  York  city. 
Cleveland,  O. 
Painesville,  O. 
New  York  city. 
St.  Louis,  Mo. 
Chicago,  111. 
Pittsburgh,  Pa. 
St.  Louis,  Mo. 
St.  Louis,  Mo. 
Pottsville,  Pa. 
Philadelphia. 


On  recommendation  of  the  Council  the  status  of  the  following 
associates  was  changed  to  member : 


H.  L.  Bridgman, 
James  Constable,  Jr 
A.  C.  Fairchild, 
Austin  Farrell, 
Y.  Hasegawa, 


Charles  S.  Hinchman, 
Frank  Klepetko, 
John  Shoenbar, 
A.  Harnickell. 


The  President  announced  that  it  was  generally  understood  that 
this  Lake  Superior  meeting  was  intended  to  take  the  place  this  year 
of  the  usual  May  and  October  meetings,  but  it  might  be  considered 
desirable  to  have  this  change  authorized  by  the  Institute.  On  mo- 
tion of  Mr.  J.  D.  Weeks  it  was  voted  that  this  meeting  be  consid- 
ered to  represent  the  two  meetings  ordinarily  held  in  the  spring  and 
fall. 

The  Secretary  gave  notice  of  a  proposed  change  in  Rule  VI,  with 
reference  to  circulation  of  notices. 

Mr.  J.  C.  Bayles  spoke  of  the  great  cordiality  and  hospitality 
with  which  the  Institute  had  been  received  in  the  different  mining 
regions,  and  of  the  painstaking  labors  of  the  local  committees  in 
rendering  our  brief  visit  as  profitable  as  possible  in  the  publication 
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of  special  directories  and  pamphlets  of  local  information.  To  one 
of  our  members  who  was  not  able  to  be  present,  Major  T.  B.  Brooks, 
the  members  were  much  indebted  for  a  large  number  of  reports  and 
maps  relating  to  this  region,  and  also  to  Mr.  Charles  E.  Wright,  of 
Marquette,  for  copies  of  the  Annual  Report  of  the  Commissioner  of 
Mineral  Statistics  of  the  State  of  Michigan  for  1879.  He  then 
offered  the  following  resolutions  : 

Whereas,  The  courtesies  and  favors  which  have  heen  shown  to  members  of 
the  American  Institute  of  Mining;  Engineers  have  been  so  numerous,  that  no 
resolution  could  be  made  sufficiently  comprehensive  to  convey  a  suitable  expres- 
sion of  our  thanks  to  all  who  have  placed  us  under  obligations. 

Resolved,  That  the  Secret;iry  be  instructed  to  express  the  thanks  of  the  Insti- 
tute to  all  who  have  contributed  to  our  instruction,  comfort,  or  pleasure,  and 
that  copies  of  such  letters  of  thanks  as  he  may  send  be  spread  upon  the  minutes 
of  this  meeting  as  expressions  of  the  deep  sense  of  obligation  felt  by  all  who 
have  availed  themselves  of  the  unusual  opportunities  of  seeing  the  mineral 
resources  of  the  Northern  Peninsula,  which  this  memorable  excursion  has 
afforded. 

Resolved,  That  the  Secretary  be  directed  to  convey  the  thanks  of  the  Amer- 
ican Institute  of  Mining  Engineers  to  the  president  and  officers  of  the  Chicago 
and  Northwestern  Railway  Company,  and  the  Marquette,  Houghton  and  On- 
tonagon Railroad  Company,  for  the  unusual  favors  extended  to  the  members 
and  ladies  who  have  visited  the  Lake  Superior  mineral  districts,  and  to  con- 
vey to  them  the  assurance  that  their  kindness  has  been  fully  appreciated. 

Resolved,  That  the  thanks  of  this  company  are  tendered  to  the  captain  and 
officers  of  the  steamer  Northern  Queen  for  excellent  management,  and  for  ef- 
forts to  contribute  to  the  comfort  of  the  gentlemen  and  ladies  of  this  party. 

Resolved,  That  the  thanks  of  all  who  have  participated  in  this  excursion  are 
due  to  Messrs.  W.  P.  Shinn  and  J.  D.  Weeks,  to  whose  persistent  efforts  to 
overcome  the  many  and  serious  difficulties  encountered  we  owe  the  complete  suc- 
cess of  this  excursion,  which  enjoys  the  unique  distinction  of  having  been  car- 
ried out  according  to  programme,  without  accident,  and  with  a  measure  of  com- 
fort which  could  not  have  been  enjoyed  under  any  other  circumstances. 

On  being  put  to  vote  by  Mr.  Bayles  these  resolutions  were  car- 
ried with  enthusiasm  and  applause. 

After  a  delightful  sail  through  St.  Mary's  River,  Mackinaw  was 
reached  about  6  o'clock  on  Monday  evening,  where  a  stop  of  an  hour 
was  made.  On  Tuesday  morning  about  8  o'clock  the  steamer  ar- 
rived at  Escanaba,  where  the  members  were  received  by  the 

Local  Commiitee  in  the  Menominee  Iron  Region. 
N.  P.  Hulst,  chairman  ;  A.  C.  Brown,  John   R.   Wood,  S.   S.   Curry,  John 
Perkins,   Thomas   Roberts,   George    E.    Stockbridge,    John    L.   Buell,    Carl  L. 
Wendel,  J.  Day,  D.  H.   Wood,  E.  P.  Foster,  J.  F.  Atkinson,  James  Tobin, 
Alexander  Kempt,  S.  H.  Selden,  W.  B.  Linsley,  G.  M.  West. 

Bidding  farewell,  with  regrets,  to  the  Northern  Queen,  which  had 
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admirably  served  its  purpose  of  a  travelling  hotel,  the  members  took 
a  special  train  provided  by  the  Chicago  and  Northwestern  Kailway, 
under  the  courteous  direction 'of  Mr.  W.  B.  Linsley,  superintendent 
of  the  Peninsular  Division,  for  the  iron  mines  on  the  Menominee 
rano-e.  The  Vulcan  Mine  was  first  visited,  and  afterwards  the  Nor- 
way,  Cyclops,  Perkins,  and  Stephenson  mines.  At  noon  a  lunch 
was  served  to  the  party  in  the  Opera  House  Hall,  which  had  been 
tastefully  decorated  for  the  occasion  by  the  ladies  of  Quinnesec* 
Hon.  John  L.  Buell  presided,  and  gracefully  welcomed  the  members 
to  the  Range.  Responses  on  the  part  of  the  Institute  were  made  by 
President  Shinn  and  Mr.  Charles  Ridgely,  of  Springfield,  111. 

In  the  afternoon  the  Keel  Ridge,  the  Chapin,  and  the  Cornell 
mines  were  visited  by  the  members  of  the  Institute,  while  the  ladies 
were  driven  to  Quinnesec  Falls.  A  special  train,  provided  by  the 
Chicago  and  Northwestern  Railway,  conveyed  the  party  from  Me- 
nominee River  Junction  to  Chicago,  arriving  at  6  o'clock  Wednes- 
day morning,  thus  concluding  a  meeting  memorable  for  enjoyment 
and  instruction. 


*  Besides  members  of  the  Local  Committee  of  Arrangements,  the  following 
companies  contributed  to  the  entertainm^'nt  of  the  Institute  in  the  Menominee 
region:  Menominee,  Emmett,  Lumberman's,  Cornell,  Perkins,  Curry  and  Com- 
monwealth Mining  companies. 
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A  FLUX  FOE  BOLLING  MILL  CINDER  AND  SILICIOUS 
IRON  ORES  IN  THE  BLAST  FURNACE, 

BY  DR.   JAMES  P.   KIMBALL,  BETHLEHEM,   PA. 

Among  the  curious  results  of  the  recent  advance  of  prices  in  the 
iron  trade  of  the  United  States,  one  of  them  at  least  is  to  be  regarded 
as  of  great  importance.  I  allude  to  the  utilization  of  mill  cinder  as 
a  cheap  and  almost  costless  substitute  for  high-priced  iron  ores  in 
many  blast  furnaces,  situated  within  easy  reach  of  such  raw  material. 
It  has  been,  with  but  few  exceptions,  the  practice  in  this  country, 
based  upon  tradition  rather  than  upon  authority  or  European  prece- 
dents, to  waste  this  material  on  account  of  its  high  proportion  of 
silicic  and  phosphoric  acids,  although  known  to  contain  more  iron 
than  most  ores,  and  although  also  known  to  be  sometimes  applied  to 
the  blast  furnace  in  greater  or  less  quantities  without  serious  detri- 
ment to  the  iron  for  specific  purposes.  While  in  use  to  a  limited 
extent  in  the  Hocking  Valley  and  Hanging  Rock  iron  regions  of 
Ohio  for  several  years,  its  use  in  Western  Pennsylvania  has  only 
become  general  of  late,  under  the  exigencies  of  high  prices  and  a 
short  supply  of  ore.  Especially  has  mill  cinder  largely  entered 
into  the  stock  of  furnaces  attached  to  rolling  mills  in  and  about 
Pittsburgh.  Under  such  circumstances  the  cinder  pig  has  been 
puddled  on  the  premises,  and  the  malleable  iron  produced  has  been 
unexpectedly  good. 

•  Cautiously  as  at  first  mill  cinder  has  been  applied,  it  is  evident 
that  the  temptation  to  use  it  freely  is  a  strong  one  whenever  the  com- 
mercial rates  for  high-class  ores  are  out  of  proportion  to  the  general 
conditions  of  the  iron  trade,  as  sometimes  happens  in  this  country, 
especially  as  the  free  use  of  it  is  apparently  justified  by  the  quality 
of  the  iron  produced  from  this  cheap  and  abundant  material.  In- 
deed the  consumption  of  cinder  pig  has  not  been  wholly  confined 
to  mills  using  up  the  production  of  furnaces  belonging  to  the 
same  plant.  One  furnace  at  least  on  the  Ohio,  at  Covington,  for 
several  months  has  been  making  foundry  pig  from  "all  cinder/' 
The  iron  has  gone  into  the  general  trade. 

It  is  probable  that  malleable  iron  of  good  quality  can  be  made 
from  the  poorest  cinder  pig,  but  with  what  degree  of  economy  will 
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depend  on  the  relative  cost  of  good  ores,  of  labor,  and  of  fuel.  At 
works  producing  and  puddling  their  own  cinder  pig,  all  evils  of 
practice  are  encountered  at  the  puddling  stage  of  the  manufacture. 

But  it  is  doubtful  whether  the  prejudice  against  the  use  of  cinders, 
and  the  valid  reasons  against  their  indiscriminate  application  to  the 
blast  furnace,  are  not  sufficiently  strong  to  exclude  from  the  general 
trade  either  forge  or  foundry-cinder  pig  without  its  effectual  ameli- 
oration in  the  blast  furnace  itself,  except  possibly  in  the  case  of 
foundry  iron  for  a  few  specific  purposes,  where  excessive  cold-short- 
ness is  not  regarded  as  a  serious  objection,  as  when  used  for  gas  and 
water  pipes,  stove  castings,  etc. 

The  recent  improvements  in  the  basic  processes  for  the  purification 
of  crude  iron  point  to  the  special  adaptation  of  phosphoric  pig  for 
these  particular  processes,  and  the  application  of  cinder  pig  par  ex- 
cellence in  preference  to  purer  and  more  costly  iron. 

The  results  of  the  recent  introduction  of  cinder  into  the  stock  of 
Pennsylvania  furnaces  running  on  forge  iron  have  varied,  as  near 
as  I  can  learn  from  personal  inquiry,  according  to  what  appears  to 
me  to  be  the  accidents  of  the  several  mixtures  in  different  cases. 


ANALYSES   OF   MILL   CINDERS. 


TAP  CINDER. 

KEHEATING  OR  FLUE 
CINDER. 

I. 

II. 

III. 

IV. 

V. 

Silicic  acid 

Protoxide  of  iron 

13.81 

64.53 

8.73 

0.36 

2.01 
0.44 
4.28 
4.37 
0.62 

30.00 
65.04 

1.60 

1.20 

trace. 

0.20 

1.24 

trace. 

21.58 
63.38 

trace. 
7.12 
0.30 
1.50 
2.10 
3.20 

29.60 
6467 

trace. 
2.35 
2.40 

trace. 
0.44 
0.54 

trace. 

24.51 
63.30 

trace. 
6.80 
0.35 
1.40 
2.50 
0.83 

Sesquioxide  of  iron 

Protoxide  of  manganese... 
Metallic  iron 

Alumina 

Magnesia 

Lime 

Phosphoric  acid 

Sulphuric  acid 

Total 

Metallic  iron 

99.15 

99.28 

99.18 

100.00 

99.69 

53.44 
1.91 

50.59 
0.54 

51.42 
1.40 
0.33 

52.65 
0.23 

51.10 
.36 

Phosphorus 

Sulphur 

I.  Rensselaer  Mill,  Troy,  N.  Y.— Tap  cinder. 
II.  Ironton  Rolling  Mill,  Ironton,  Ohio.— Tap  cinder. 

III.  Marietta  Rolling  Mill,  Marietta,  Ohio.— Tap  cinder. 

IV.  Reheating  (flue)  cinder— same  works. 
V.  Reheating  (flue)  cinder— same  works. 

The  proportion  of  cinder  being  the  same,  the  best  results  have 
been  obtained  with  aluminous  mixtures,  i.  e.,  when  used  alontr  with 
ores  containing  notable  proportions  of  silicate  of  alumina,  like  clay 


ALUMINOUS   MAGNETIC   IRON   ORE.  15 

ironstone,  or  Clinton  fossil  ore,  or,  still  better,  of  uncombined  alu- 
mina, as  in  French  beanxite  and  in  Belfast  (Irish)  ores.  This  expe- 
rience is  in  agreement  with  the  best  European  practice. 

Keference  may  be  had  to  analyses  of  tap  cinders  at  English  works, 
given  by  Percy,  and  also  to  examples  of  reheating  cinders  (Iron  and 
Steel,  668,  724.     See  Wedding's  Percy,  III,  230  et  seq.). 

As  both  vary  in  acid  properties  to  about  the  same  degree,  accord- 
ing to  the  relative  proportion  of  silicic  acid  and  ferrous  oxide,  the 
relative  proportion  of  a  mixture  of  both  as  a  blast-furnace  stock  may 
practically  be  disregarded. 

The  cinders,  although  varying  in  their  proportions  of  silica,  are 
as  furnace  stock  all  highly  acid.  They  are  also  high  in  phosphoric 
acid  from  the  oxidation  of  phosphorus  in  the  process  of  puddling 
and  from  its  consequent  concentration. 

The  two  tendencies  to  be  overcome  in  the  use  of  mill  cinders  are, 
first,  the  production  of  a  silicious  metal  through  the  reduction  of  an 
excess  of  silica  and  its  passage  in  the  metallic  state  into  the  pig ; 
and,  second,  an  excCvSsive  cold-shortness  from  excess  of  phosphorus, 
the  same  effect  being  likewise  produced  by  excess  of  silicon. 

In  producing  malleable  iron  from  cinder  pig,  phosphorus  is  suf- 
ficiently oxidized  and  slagged  off  within  the  ordinary  limits  of  the 
operation  of  puddling,  and  therefore  without  sensibly  prolonging 
this  process.  Silicon  on  the  other  hand  is  eliminated  in  the  same 
way,  but  not  without  retarding  the  operation,  and  consequent  loss 
of  iron  and  fuel.  Hence  the  necessity  of  reducing  the  proportion  of 
this  element  in  the  pig. 

If  cinder  from  the  puddling  of  cinder  pig  be  used  continuously  it 
will  readily  be  seen  that  at  works  where  this  is  done  a  deterioration 
of  the  cinder  must  be  the  result,  by  accumulation  of  phosphoric  acid. 
Thus  the  proportion  of  phosphoric  acid  in  the  cinder  dump  will 
increase  with  the  frequency  that  cinder  is  used  over. 

In  producing  cinder  pig  for  foundry  purposes  cinders  should  not 
be  used  more  than  onOe,  unless  care  be  taken  to  divert  the  excess  of 
silica  and  phosphorus  from  the  iron  to  the  slag  of  the  blast  furnace. 
Where  this  is  the  aim,  it  becomes  of  the  last  importance  to  keep 
down  the  proportion  of  silicon  in  the  pig,  already  cold-short  from 
excess  of  phosphorus.  That  this  can  easily  be  done  by  various  ad- 
mixtures I  shall  presently  show. 

So  far  as  I  can  learn  the  practice  has  uniformly  been  in  this  country 
to  neutralize  the  excessively  acid  quality  of  cinders  by  excess  of  lime- 


16 


ALUMINOUS   MAGNETIC   IRON   ORE. 


Stone,  while  certain  ores  have  been  in  favor  for  admixture.  Such  ores 
prove  to  be  either  red-short  basic  ores,  like  Lake  Superior  specular,  or 
highly  argillaceous  ores,  like  clay  ironstone  from  the  coal  measures. 

In  Great  Britain,  where  the  utilization  of  mill  cinders  is  well 
understood,  an  aluminous  admixture  is  considered  indispensable. 
Several  clay  ironstones  are  especially  used  for  this  purpose,  fire-clay, 
ferriferous  shale,  and,  par  excellence,  an  aluminous  ore  from  Belfast, 
Ireland,— a  hydrous  brown  hematite,  containing  35  per  cent,  of 
free  alumina,  and  not  over  32  per  cent,  of  metallic  iron.  This 
ochreous  ore  of  alumina  is  very  near  the  French  beauxite,  which  is 
even  richer  in  alumina. 

Belfast  ore  is  well  known  in  this  country,  it  having  been  imported 
by  several  furnaces  in  Pennsylvania  for  the  sake  of  its  aluminous 
qualities,  so  deficient  in  most  American  magnetites.  Chateaugay 
magnetic  iron  ore,  from  Clinton  County,  N.  Y.,  a  feldspathic  type 
of  this  class  of  ore,  doubtless  owes  its  extraordinary  fluxing  proper- 
ties to  its  large  proportion  of  alumina,  which  is  of  course  already 
combined  with  silica  (monosilicate). 

SILICIOUS   IRON   ORES. 

Many  of  the  most  important  and  best-known  iron  ores  of  the 
United  States  low  in  phosphorus  are  high  in  uncombined  silica,  and 
hence  have  a  tendency  to  excessive  silicon  in  the  pig. 

The  following  analyses  of  well-known  Bessemer  ores  will  illustrate 
this  point : 


Sesquioxide  of  iron 

Protoxide  of  iron 

Protoxide  of  manganese. 

Silica 

Alumina 

Lime 

Magnesia 

Sulphur 

Phosphoric  acid 

Titanic  acid 

Metallic  iron 


I. 

II. 

III. 

50.13 

55.60 

42.09 

23.29 

25  24 

19.10 

0.38 

0.31 

0.32 

20.02 

17.44 

20.04 

4.22 

1.09 

7.90 

1.28 

0.53 

7.87 

0.8-5 

0.12 

2.46 

trace. 

0.32 

0.05 

0.21- 

trace. 

100.17 

100.38 

100.31 

53.16 

58.53 

44.31 

IV. 


43.37 
16..55 

0  24 
26.01 

3.25 

3.02 

7.56  (CaCOa) 

0.17 
trace. 


100.17 


43.28 


I.  Crown  Point  Iron  Company,  N.  Y.,  Hammond  Mine.  Run  of  Mine. 
II.  Crown  Point  Iron  Company,  N.  Y.,  Penfield  Mine,  Run  of  Mine. 

III.  Mount  Hope  Mine,  Washington  County,  N.  Y. 

IV.  Port  Ann  Mine,  Washington  County,  N.  Y. 

— Jour.  Iron  and  Steel  Inst.,  1874,  p.  130. 
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ALUMINA    AS    A    FLUX    FOR   SILICA    AND    LIME. 

It  is  well  known  that  a  large  proportion  of  lime  in  the  blast-fur- 
nace charge  is  the  most  uniformly  available  means  at  hand  for  the 
diversion  of  sulphur  from  the  iron  to  the  cinder.  But  the  tendency 
of  an  excess  of  lime  in  the  blast  furnace  is  to  a  refractory  or  diffi- 
cultly fusible  cinder.  Likewise,  the  most  available  means  for  pre- 
venting the  reduction  of  silica  in  the  use  of  an  acid  slock,  like  sili- 
cious  ores  or  mill  cinders,  is  the  application  of  a  large  proportion  of 
lime  in  the  charge. 

It  has  long  been  generally  observed  that  the  admixture  of  alu- 
minous iron  ores,  like  clay  ironstone,  promotes  the  fusibility  of  basic 
slags;  and  that,  with  an  aluminous  mixture,  a  large  proportion  of 
lime  may  be  charged  when  desirable,  with  the  object  of  preventing 
the  passage  of  silicon  and  sul})hur  into  the  iron.  Thus  Fremy  ob- 
tained perfectly  fused  aluminates  of  lime  with  80  parts  of  lime  and 
20  parts  of  alumina,  and  again  with  90  parts  of  lime  and  10  parts 
of  alumina.* 

One  of  the  most  striking  tendencies  in  American  blast-furnace 
practice  is  the  use  of  an  excess  of  lime,  especially  at  the  East,  where 
the  only  aluminous  ores  generally  in  use  are  native  clayey  hematites 
and  a  few  feldspathic  hematites.  Limestone  is  too  often,  against  the 
fusibility  of  cinder  and  contrary  to  economy,  made  to  do. the  duty  of 
much  less  proportions  of  alumina. 

The  deficient  slag- making  properties  of  our  richest  ores  are  often 
mistakenly  supplied  with  excess  of  lime,  the  best  effect  of  which 
must  sometimes  be  simply  to  complement  the  variety  of  bases  requi- 
site for  a  good  cinder  from  the  magnesian  and  aluminous  impurities 
of  the  limestone  itself,  instead  of  more  economically  adding  the  same 
substances  directly  in  the  ore  mixture.  The  consumption  of  fuel 
must  be  in  some  direct  proportion  to  the  basicity  of  the  cinder  beyond 
a  certain  degree,  when  accomplished  by  limestone  alone. 

The  comparative  qualities  of  magnetites  are  often  estimated  prac- 
tically, even  if  not  by  rule,  according  to  their  earthy,  rather  than  by 
their  metallic  units.  Thus  several  ores  of  this  species  in  the  market 
enjoy  special  reputations  for  smelting  properties,  due  in  all  such 
cases  to  the  proportion  and  quality  of  their  silicious  and  basic  con- 
tents, or  cinder-making  properties.  Calcareous  or  carbonated  varie- 
ties of  ore,  like  spathic  magnetites  and  clay  ironstone  or  siderite, 
having  self-fluxing  properties,  are  not  at  present  under  discussion. 


*  Comptes  rendus  LX,  18G5,  996. 
VOL.    IX.  —  2 
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It  has  been  found  that  the  English  iron  ores,  producing  iron  with 
first-rate  malleable  properties,  like  Lowmoor,  Blaenavon,  and  Staf- 
fordshire Gubbins,  are  those  averaging  1  part  of  alumina  to  not  over 
2 J  of  silica. 

It  is  these  earthy  constituents  of  ores,  including  magnesia,  on 
which  not  only  the  slag-making  properties  of  ores  depend,  but  enter- 
ing more  or  less  into  the  metal,  partially  only  in  a  reduced  state, 
are  in  the  course  of  manufacture  given  oflP  in  the  form  of  cinder, 
the  quality  of  which  has  a  direct  influence  upon  the  formation  of 
fibre,  upon  cohesion,  or,  in  other  words,  upon  the  strength  of  the 
iron:  The  influence  of  sulphur  and  phosphorus  in  forge  metal  is 
comparatively  unimportant. 

Milli(ms  of  tons  of  second  and  third  class  specular  iron  ores,  al- 
ready mined  and  stocked  in  the  dumps  of  Lake  Superior  mines  as 
refuse,  can  be  afforded  cheap  for  shipment.  These  ores  will  prove  ac- 
ceptable enough  as  soon  as  effective  and  economical  means  are  found 
for  overcoming  their  acid  properties  arising  from  jaspery  admixtures 
(silex).     These  ores  vary  from  50  to  60  per  cent,  of  metallic  iron. 

A  cheap  and  available  aluminous  flux  alone  is  required  to  bring 
this  immense  accumulation  of  really  valuable  ores  into  the  market. 

V/ESTCHESTER   ALUMINOUS    MAGNETITE   AS    A    BLAST-FURNACE 

FLUX. 

In  1874  I  called  attention  to  a  highly  aluminous  non-silicated 
magnetite  occurring  in  Westchester  County,  New  York,  under  the 
usual  conditions  of  the  magnetic  ore  beds  of  the  New  York  and  New 
Jersey  highlands,  as  especially  adapted  for  the  blast  furnace  in  ad- 
mixture with  silicious  iron  ores,  mill  cinders,  or  sulphurous  ores.* 

Since  then  this  deposit  has  proved  to  be  of  great  magnitude,  and  to 
be  so  situated  as  to  admit  of  this  valuable  ferro-aluminous  and  basic 
material  being  placed  on  board  vessels  at  Peekskill,  or  on  cars  of  the 
Hudson  River  Railroad,  at  the  price  of  other  iron  ores  in  the  market. 

The  following  analyses  of  typical  specimens  exhibit  its  superiority 
as  a  material  at  once  highly  basic  and  ferruginous,  and  as  the  richest 
available  source  of  uncombined  alumina  known,  and  at  the  same 
time  as  an  iron  ore  but  slightly  below  the  standard  of  richness  of 
well-known  shipping  ores. 


*  Amer.  Cheni  ,  IV,  321. 
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ANALYSES  OF   ALUMINOUS    IRON   ORES. 


WESTCHESTKR  ALUMINOUS  MAGNETITE 
(ANHYUKOUS  . 


45.86 


Protoxi(1(>  of  iron 

Scsquioxide  of  iron 

Bisiilpliide  of  iron 2.fi3 

Protoxide  of  manganese...  j    0.55 
Aliiuiiiia 39.36 


Lime 

Maj^nesia 

I'liosphoric  acid. 

Silii-ic  acid 

Titanic  acid 

Water 


0.47 

7.18 
0.22 
0.51 
2.41 
1.18 


Metallic  iron 34  44 

Phosphorus 0.09 

Sulphur 1.40 


II. 


41.28 


0.32 
3.90 


35.82 


III. 


21.14 
25.86 


44.58 


0  16 
1.13 

3.88 


34.54 
0.07 


IV. 


18.49 
28.21 


36.46 


0.09 
1.04 
3.52 


17.92 
28.70 


34.47 


0.16 

2.88 
4.41 


34.13     34.0:! 
0.04  i    0  07 


VI. 


39.23 


1.17 
38.24 


34.59 
0.0G7 


FOREtGN  ORES 
(IIYDKOU.S). 


Belfast  ore.     Beauxite. 


46.65 
23.96 

8.29 

18.71 

32.65 


45.50 
39.50 

1.75 
12.57 

31.85 


I  and  TI.  Analyses  by  Professor  C.  F.  Chandler,  School  of  Mines,  N.  Y. 
Ill,  ly  and  V.  Analyses  by  Professor  T.  M.  Drown,  Lafayette  College,  Easton,  Pa. 
VI.  Average  of  preceding  analyses. 
Belfast  ore,  owner's  circular. 
Beauxite,  I)r.  Siemens. 


From  the  above  table  of  analyses  it  will  be  seen  that  the  West- 
chester material  is  a  mixture  of  magnetite  and  anhydrous  oxide  of 
aluminium.  Belfast  ore  and  beauxite,  on  the  other  hand,  consist 
essentially  of  hydrated  oxide  of  aluminium,  together  with  variable 
proportions  of  hydrous  and  anhydrous  sesquioxide  of  iron. 

Owing  to  the  large  percentages  of  water  in  these  foreign  aluminous 
ores  the  Westchester  material,  weight  for  weight,  has  by  far  the 
greater  number  of  available  units.  In  the  calcination  of  Belfast  ore, 
or  in  the  blast  furnace,  a  shrinkage  of  about  one-fifth  takes  place. 

In  Lancashire  and  Cumberland,  England,  where  argillaceous 
fluxes  have  long  been  applied  along  with  the  rich  red  hematites  of 
these  districts,  the  ochreous  hydrate  of  alumina,  known  as  Belfast  ore, 
has  come  into  use  as  a  substitute  for  common  clay  shale,  the  object 
of  such  a  mixture  being  to  supplement  the  deficient  slag-making 
properties  of  so  rich  an  ore,  as  well  as  to  saturate  the  uncombined 
silica  (the  percentage  of  wliich  is  from  5  to  7),  and  thus  to  bring  up 
the  mixture  to  the  same  composition  as  the  best  clay  ironstone. 


^on-silicated  aluminous  ores,  like  the  Westchester  or  Belfast 
ores,  in  which  the  alumina  is  in  a  free  or  uncombined  state,  are 
especially  adapted  to  admixture  as  follows: 

I.  With  silicious  ores,  like  quartzose  magnetites,  or  silicious 
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lieniatites  of  all  varieties — to  prevent  the  reduction  of  silica  and  the 
passage  of  silicium  into  the  pig  metal. 

Silicious  iron  ores  may  be  brought  to  the  same  essential  composi- 
tion as  the  best  clay  ironstone,  or  feldspathic  magnetite,  by  the  ad- 
dition of  such  a  proportion  of  alumina  as  will  reduce  the  silica  of 
the  mixture  to  about  2J  parts  to  1  of  alumina. 

Tiie  addition  of  silicated  alumina,  like  shale,  clay,  or  feldspathic 
magnetite,  for  the  purpose  of  neutralizing  excess  of  silica,  defeats  the 
production  of  a  basic  slag  without  excess  of  lime. 

1.  With  free  alumina  it  is  practicable  even  with  excessively  acid 
ores  to  produce  a  slag  between  a  monosilicate  and  a  bisilicate. 

2.  The  application  of  an  excess  of  lime  for  the  same  purpose 
tends  to  a  difficultly  fusible  cinder,  slow  working  of  furnace,  and  a 
waste  of  fuel. 

II.  With  mill  cinders,  for  the  same  purpose  and  with  the  same 
effect. 

The  advantage  of  an  application  of  free  alumina  to  a  highly  sili- 
cious stock  is  well  explained  in  a  commercial  circular,  dated  Bays- 
water,  London,  1865. 

In  this  circular  it  is  shown  that  the  result  produced  by  the  mix- 
ture of  four  tons  of  Blaenavon,  Pontypool,  and  Lowmoor  clay 
ironstone,  in  equal  parts,  is  in  like  manner  accomplished  by  applying 
one  ton  of  Belfast  aluminous  ore  to  four  tons  of  the  Ginders,  and  that 
there  is  no  difference  in  the  proportion  of  alumina  to  silica,  or  in  the 
quantities  of  sulphur  and  phosphorus. 

III.  With  magnesian  ores,  like  chloritic  or  hornblendic  mag- 
netites, e.g.,  those  of  Northern  New  Jersey  and  Southern  New  York — 
to  supplement  their  slag-making  properties,  and  promote  fusibility 
of  cinder, — this  being  accomplished  far  more  effectively  and  eco- 
nomically than  with  lime  alone. 

IV.  With  sulphurous  ores,  or  with  sulphurous  coal — to 
prevent  the  reduction  ofsulphatesback  to  sulphides  by  retaining  them 
in  the  slag.  The  action  of  alumina  resembles  that  of  lime,  and  in  con- 
junction with  lime  performs  desulphurization  without  excess  of  lime. 

The  difficult  fusibility  of  a  highly  basic  (calcareous)  slag,  such  for 
instance  as  comes  from  an  excess  of  lime  in  the  case  of  a  sulphurous 
stock,  may  be  overcome  by  an  add.ition  of  free  alumina  in  the  form 
of  Belfast  or  Westchester  ferro-aluminous  ores;  or,  still  better,  by 
replacing  a  portion  of  the  lime  with  at  least  this  equally  effective 
and  far  more  fusible  absorbent  of  sulphur  when  applied  in  proper 
relation  to  silica. 
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ESSENTIAL   COMPOSITION   OF    MIXTURES    OF   SIEICIOUS    IRON    ORES 
AND    MILL   CINDERS    WITH    WESTCHESTER    ALUMINOUS 

MAGNETITE. 


oint ) 
to  1  V 


(Hatnmond   Mine)  tu  i  /- 
part  Westchester  Ore.     j 

5  parts  Trown  Point 'J 
(l»en field)  to  1  part  |> 
Westchester  Ore.  ) 

5  parts  Fort  Ann  Maj?-^ 
netic  Iron  Ore  to  I  > 
part  Wet.tchester  Ore.     j 

7  parts  Mill  Cinder  (T\") 
Rensselat^r  Rollinif  Mill,  > 
to  1  part  Westchst'r  Ore.  ) 

3  parts  Mill  Cinder  (II), 
Ironton,  Ohio,  to  1 
part  Westche.ster  Ore. 


Iron. 

Alaniina. 

Silica. 

Magnesia 

50.06 

9.28 

16.88 

1.90 

54.54 

7.44 

14.73 

1.39 

41.80 

9.247 

21.87 

1.19 

51.12 

6.65 

12.23 

1.28 

46.59 

10.71 

22.50 

1.80 

Phosphorus. 


0.011 


0.029 


0.011 


1.67 


0.422 


Propoi  lion  ol 
AidMiina 
to  Silica. 


1  to  1.S2 


1  to  1.98 


1  to  2.25 


1  to  1.82 


1  to  2.10 


THE  SILVER  SANDSTONE  DISTRICT  OF  UTAH 


BY   CHARLES  M.    ROLKER,    E.M.,   NEW   YORK  CITY. 


This  remarkable  and  well-known  clistrict  lies  about  320  miles 
south  of  Salt  Lake  City,  in  Washington  C(Hinty,  near  the  Arizona 
border  of  the  territory.  It  is  now  reached  by  the  Utah  Southern 
Railroad  and  its  extension,  and  the  last  100  miles  are  run  by  stages. 
These  vehicles  are  called  "jerkies"  in  the  West,  which  name  con- 
veys a  good  idea  of  the  comfort  they  afford,  and  the  relief  expe- 
rienced when  you  alight. 

Arriving  at  Silver  Reef,  the  main  camp  of  the  district,  one  sees 
at  once  that  he  stands  where  once  a  surging  sea  had  its  domain, 
marked  now  by  heavy  sandstone  deposits  of  a  red  and  white  color. 
The  town  itself,  a  neat,  clean,  and  orderly  mining  town,  is  encircled 
on  the  north  by  trachyte  and  granite  mountains,  skirting  to  the  west. 
They  are  cut  through  in  places  by  deep  gorges,  left  us  as  the  only 
trace  of  the  force  of  former  currents,  which  drained  the  adjoining 
territory  to  the  north  ;  and  which  when  swelled  and  infuriated  by 
tempests  and  cloud-bursts,  took  in  their  grasp  the  huge  blocks  of 
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granite  and  trachyte,  which  now  lie  scattered  about  as  boulders,  to 
the  north,  west,  and  east  of  the  town. 

At  the  base  of  these  encircling  mountains  lies  a  belt  of  dull,  brick- 
red  sandstone,  over  1000  feet  thick.  Its  extent  is  seen  on  the  west 
side  of  the  town,  and  its  trend  is  for  over  30  miles  to  the  south. 
Following  the  northern  sandstone  arc  it  flanks  to  the  east  and  south, 
Sfraduallv  sinkinir  into  the  ground  until  the  volcanic  lava  caps  and 
nearly  covers  it,  leaving  protruding  masses  like  frowning  rocks  in  a 
fiery  sea.  The  whole  belt  takes  the  shape  of  a  horseshoe.  Back  of 
these  red  sandstones,  on  the  east  and  northeast,  high  sandstone  table- 
lands extend,  of  variegated  colors,  from  white,  to  gray,  to  yellow, 
beautifully  banded,  looking  in  the  distance  like  formidable  castles; 
a  romantic  picture  in  the  glow  of  a  setting  sun. 

Turning  to  the  south  of  the  town,  we  see  a  standstone  hill,  about 
IJ  miles  distant,  which,  through  the  action  of  volcanic  forces,  stands 
now  boldly  several  hundred  feet  above  the  town's  plateau.  Underly- 
ing, as  it  formerly  did,  the  surrounding  sandstone  country,  it  has  since 
acted  as  a  central  wedge,  around  which  the  other  strata  have  been 
grouped.  Conformable  to  its  east  and  west  slopes,  we  see  the  strata 
dipping  east  and  west,  with  a  varying  inclination  of  from  15°  to  35°, 
striking  in  a  northeast  and  southwest  direction.  On  either  side  of 
this  wedge  we  find  a  series  of  superimposed  sandstones.  They  are 
best  marked  on  the  west  slope  of  the  hill,  where  they  follow  in  regular 
series — white  sandstones,  underlaid  by  gray  and  red  sandy  shales, 
separated  in  places  by  green  clay  shales,  and  followed  in  turn  by  the 
white  sandstones,  the  first  of  the  second  series.  These  white  sand- 
stones being  harder  have  withstood  the  weathering  action  better  than 
the  softer  underlying  shales,  and  their  strike  is  clearly  marked  by 
protruding  ribs  or  reefs,  the  intervening  shales  being  washed  and 
carried  away  to  a  depth  of  over  100  feet,  forming  a  valley.  Of  these 
reefs  we  note  three:  the  AVhite,  the  Buckeye,  and  the  Butte  Beef, 
overlying  each  other  in  the  sequence  named.  Like  the  red  sand- 
stone before  mentioned,  which  has  the  shape  of  a  horseshoe  with  the 
open  side  on  the  south,  so  these  reefs  are  grouped  uniformly  about 
the  wedge  above  mentioned. 

Following  the  course  of  the  reefs  in  detail,  in  the  immediate  neigh- 
borhood we  see  the  White  Reef  southwest  of  Silver  Beef,  as  fiir  as  the 
eye  can  reach,  and  coming  northerly  to  location  No.  1,  we  find  it 
boldly  marked,  all  the  way  through  the  Thompson  and  McNally  leads 
into  and  through  the  Barbeeand  Walker  mines,  with  a  dip  to  the  west 
varying  from  20°  to  35°.     Going  along  the  northern  curve,  we  find 
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it  marked  by  tlic  Lunar  and  Homeward-bound  claims,  dipping  north- 
erly and  northeasterly.  More  or  less  denuded,  we  find  it  dippin<^  to 
the  east  again,  at  tJie  head  of  what  is  called  Gra|)evine  Wash.  It  is 
easily  traced  along  tlie  ^yash  to  the  Vanderbilt  Claim,  continuing 
shortly  after  under  the  basalt  caps,  until  it  is  again  laid  bare  and 
proved  by  the  ore  taken  from  the  Duffin,  Gibfried,  Toquerville,  etc., 
claims,  all  situated  on  the  eastern  branch  of  the  horseshoe,  where 
the  strata  dip  east  until  the  Rio  Virgin  cuts  through  them.  Beyond 
the  river  it  is  again  seen  rising  in  places  over  the  level  of  the  vol- 
canic beds  and  conformable  to  the  east  rib  of  the  Harrisburg  Gap. 
This  gap  is  a  portion  of  the  central  wedge,  with  its  backbone  scooped 
out,  pot-hole  like,  and  its  hollowed  washed  sides  left  standing,  dip- 
ping east  and  ^vest,  as  in  the  accompanying  sketch. 


On  this  extreme  south  end  of  the  eastern  horseshoe  arm  of  the 
White  Reef,  so  far  no  silver  has  been  found,  while  on  its  south- 
west arm  low-grade  ore  has  been  found  in  places,  up  to  and  past  the 
town  of  Harrisburg  and  St.  George,  a  distance  of  over  20  miles. 
What  I  have  said  of  the  White  Reef  holds  nearly  true  for  the  Buck- 
eye Reef,  an  underlying  stratum.  From  the  top  of  the  wedge-like 
hill,  north  of  Harrisburg  Gap,  it  can  be  seen  making  the  horseshoe 
curve,  within  the  White  Reef.  It  is  proven  by  the  Silveiflat, 
Michael,  etc.,  to  Chlorider's  Chief,  and  past  it;  continues  washed 
and  disturbed  at  the  northeast  curve,  until  it  comes  to  liojht  a^^ain  at 
the  head  of  Grapevine  Wash,  within  the  White  Reef  horseshoe. 
From  here  it  continues,  at  times  prominent,  but  more  wasiied  and 
buried,  until  it  passes  the  Vanderbilt  Claim,  on  the  White  Reef.  It 
is  soon  seen,  cutting  the  road  leading  to  the  Stormont  mill,  near 
where  the  basalt  cap  is,  and  continues  from  thence  forward,  boldly 
and  well-marked,  until  the  Rio  Virgin  cuts  it,  I  should  judge  about 
400  to  500  feet  west  of  where  the  White  Reef  sets  through  the  river. 
Beyond  the  river  it  is  mostly  buried,  but  its  southern  trace  can  be 
seen  from  the  east  rim  of  ''  Little  Purgatory  Basin ''  (a  scooped  out 
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pot-hole  north  of  Harrisburg  Gap,  in  the  central  wedge),  looking 
in  the  direction  of  the  Stormont  mill,  and  descending  the  slope  to 
the  river  in  the  same  direction.  Turning  to  the  west  branch  of  the 
Buckeye  Reef  horseshoe  we  see  traces  of  it  west  of  the  town  of  Har- 
risburg, but  sufficient  to  mark  out  its  line.  Buried,  or  rather  de- 
nuded, for  some  parts,  it  is  plainly  seen  under  the  McMullin,  and 
continuing  on  its  northward  course,  it  traverses  the  Emily  Jane, 
Stormont,  etc.,  claims,  until  we  complete  the  horseshoe  by  striking 
again  the  Silverflat  claim.  The  Butte  Reef,  underlying  the  Buck- 
eye Reef,  lies  within  the  latter's  circuit,  being  prominently  marked 
on  its  west  and  northwest  sides,  while  its  east  flank  probably  lies 
with  its  top  washed  in  the  Grapevine  Wash  Ravine.  On  the  Butte 
Reef  two  or  three  claims  have  at  times  yielded  well,  but  at  present 
hardly  any  work  is  being  done  on  it. 

I  have  purposely  been  explicit  in  describing  the  circuits  of  the 
reefs,  because  the  theory  has  been  advanced  that  the  Buckeye  and 
Butte  reefs  were  in  turn  faulted  from  the  "original "  reef — the  White 
Reef,  on  its  west  side,  and  that  only  one  reef  existed  on  the  east  side 
of  the  horseshoe.  Aside  from  the  fact  that  two  reefs  are  seen  on  the 
entire  circuit,  there  are  other  reasons  which  speak  against  a  o?^e-reef 
theory.  With  their  sides  300  to  1500  feet  apart,  gradually  widening 
until  the  gap  is  about  4000  feet,  or  more,  at  the  head  of  the  curve, 
it  would  be  a  very  strange  fault  if  we  assumed  it  to  have  fallen  off 
the  White  Reef,  in  the  shape  of  a  horseshoe.  But,  again,  underlying 
the  AVhite  Reef  is  the  Pride  of  the  West  Ledge,  a  silicious  lime- 
stone, very  plainly  marked,  and  to  be  seen  distinctly  at  the  first 
glance,  all  along  the  White  Reef.  This  marked  distinctive  bed  is 
absent  in  the  Buckeye  Reef.  Further,  the  character  of  the  Buckeye 
and  White  Reef  ores  is  as  different  to  the  experienced  eye  as  dark 
blue  is  from  purple,  and  tliey  act  differently  in  the  mill. 

As  to  the  age  of  the  sandstones,  little  can  be  said  with  certainty, 
since  so  far  no  characteristic  fossils  have  been  found  in  them.  Reeds 
and  rushes  are  plentiful,  but  no  leaf  or  shell  has  been  traced  to  this 
locality.  I  have  in  my  possession  some  fossil  nuts  and  seeds,  and 
what  appeared  to  me  at  the  time  I  found  it  an  imperfect  piece  of  a 
shell,  but  as  my  box  of  specimens  has  not  yet  reached  me,  and  as  I 
packed  them  up  with  the  intention  of  identifying  them  after  coming 
East,  I  will  leave  a  discussion  of  them  for  a  future  occasion.  My 
opinion  is  that  the  sandstones  are  Triassic. 

The  reefs  themselves  are  made  up  of  whitish-gray  and  red  to  red- 
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dish-brown  sandstones,  and  between  the  reefs  lie  beds  of  clay  shale, 
varying  in  color  from  blue  to  green  to  cinnamon  brown.  The  ore 
occurs  in  similar  strata  of  sandstone  and  clay  shale.  The  roof  is 
generally  marked  by  a  reddish  micaceotis  sandstone,  while  the  floor 
is  made  up  of  an  arenaceous  sandstone  of  a  whitish  color,  with  argil- 
laceous sands  underlying.  The  outcrop  of  the  ore  is  marked  on  the 
east  face  of  the  reef,  with  tlie  exception  of  those  places  where  the 
former  apex  of  the  reef  has  been  washed  off,  as  in  portions  of  the 
Buckeye  Reef  on  its  northwest  side  of  the  horseshoe.  The  ore  is  by 
no  means  confined  always  to  one  bed,  but  it  is  limited  to  a  silver  zone 
of  from  30  to  90  feet  wide,  horizontally  measured,  and  anywhere 
within  this  belt  the  horn-silver  is  liable  to  be  found.  As  a  rule  it  is 
more  concentrated  in  certain  layers  (beds)  of  this  belt,  but  in  places 
it  is  so  scattered  as  to  bring  the  grade  down  to  a  uniform  $10,  which 
at  present  does  not  pay  to  work.  Frequently,  also,  the  ore  is  thrown 
in  consequence  of  very  fine  slips  from  one  bed  into  another.  Hence 
the  giving  out  of  the  ore  in  one  bed  is  not  exactl}"  a  discouraging 
fact,  for  a  cross-cut  may,  and  very  often  does,  prove  it  to  have  jumped 
into  a  lower  or  higher  bed  respectively.  In  other  words,  the  argen- 
tiferous sandstone  belt  is  compound  in  structure.  The  producing 
branches,  two  or  three  in  number,  run  together  in  places,  at  least  two 
of  them  do,  and  then  ao^ain  continue  for  lono^  distances  with  barren 
strata  between,  which  vary  in  thickness  from  3  to  15  and  even  30 
feet  or  more.  In  the  depth,  or  following  the  dip,  they  have  kept 
pretty  well  their  own  ground,  but  I  have  no  doubt  that  what  is  now 
considered  two  and  three  separate  beds  will  at  a  greater  depth  form 
but  one  bed  throucrhout.  The  producino;  branches  in  all  the  mines 
change  occasionally  from  a  sandstone  to  a  clay  shale,  even  in  the 
same  bed,  but  certain  portions  of  the  reef,  especially  the  northwestern 
portion  of  the  Buckeye  Reef,  and  the  southern,  and  a  part  of  the 
central  portion  of  the  White  Reef,  show  a  preponderance  of  clay 
shale  and  argillaceous  sandstone.  The  latter  strata  are  also  found 
in  some  of  the  northern  parts  of  the  White  Reef 

Of  course  the  less  clayish  or  argillaceous  the  sandstones  the  less 
slimes  are  produced  in  the  mill.  The  southern,  and  part  of  the 
middle  portion  of  the  Buckeye  Reef,  show  less  frequently  vegetable 
remains  than  the  remaining  portion  and  the  White  Reef,  and  in 
parts  these  remains  are  absent.  In  other  parts,  and  this  holds  true  for 
the  whole  district,  we  find  the  producing  sandstone  beds  underlaid 
by  a  stratum  of  highly  argillaceous  sandstones  of  variable  thick- 
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ness  of  from  10  inches  to  2  feet,  which  carry  much  silver,  and  fre- 
quently show  solid  sheets  of  horn-silver  along  the  seams  of  the  thick- 
ness of  a  knifeblade.  I  liave  known  such  seams  to  mill  right  along 
from  $60  to  $130  ;  unfortunately  their  occurrence  is  not  as  frequent 

as  might  be  wished. 

Theore  itself  is  what  is  known  as  cerargy rite  or  chloride  of  silver, 
which,  however,  below  true  water-level  will  change  to  the  sulphuret 
of  silver,  with  native  silver  in  places.  Of  the  latter  change  two  indi- 
cations have  been  met  with.  A  tested  sample  yielded  in  a  certain 
mine  only  65  per  cent,  of  chloride  of  silver.  This  proportion  will 
decrease  in  the  ratio  as  water-level  is  passed,  and  the  ore  gets  more 
outside  of  the  reach  of  waters  charged  with  oxygen  and  chloride  of 
sodium.  The  grade  of  the  camp  is  probably  $20  to  $25,  though  I 
have  mined  portions  of  beds  which  averaged  right  along  $35  to 
$55,  and  others  run  as  low  as   $14  to  $17  ;  and  at  times  even  $8 

and  $10. 

The  question  of  how  the  silver  came  into  the  sandstone  has  been 
discussed  quite  frequently  in  the  camp,  as  may  be  imagined,  and 
also  among  experts.  The  theory  of  contemporaneous  deposition 
with  the  sandstones  is  held  by  some,  while  others  hold  that  it  has 
been  deposited  from  ascending  mineral  solutions  or  vapors.  I  ad- 
vocate the  latter  theory.  I  admit,  at  the  first  glance,  one  may  be 
inclined  to  assume  a  contemporaneous  deposition,  inasmuch  as  the. 
rushes  and  reeds,  coated  and  partially  replaced  with  horn-silver,  are 
plentiful,  and  a  cursory  examination  may  show  in  certain  localities 
the  silver  to  be  confined  solely  to  places  where  we  find  organic  re- 
mains. However,  such  is  not  the  case,  taking  the  district  as  a  whole. 
I  have  seen  and  mined  portions  in  these  beds,  for  a  stretch  of  200 
consecutive  feet,  which  were  really  absolutely  void  to  the  eye  of  or- 
ganic remains,  and  still  milled  an  average  of  say  $30;  in  spots  as 
low  as  $20  and  as  high  as  $45  and  $53.  The  carbon  may,  it  is  true, 
have  been  consumed  by  chemical  action. 

But  grant  for  a  moment  that  the  silver  was  deposited  contempo- 
raneously with  the  sandstones.  The  first  question  to  present  itself 
would  be,  how  did  the  silver  get  into  the  former  sea?  From  what 
source  did  the  silver  come? 

The  surrounding  border  mountains  have  so  far  not  been  so  kind 
to  the  prospector  as  to  reveal  any  source  of  silver,  and  further  north 
we  find  either  gold  or  lead  mixed  with  the  ores  containing  silver. 
Now,  then,  if  the  silver  was  dissolved   by  the  waters,  and  precipi- 
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tated  by  the  decomposing  vegetable  remains,  why  not  tlie  lead  and 
the  gold,  of  which  not  a  trace  is  to  be  found  ?  Why  is  tlie  silver 
limited  to  zones,  outside  of  which  no  .silver  can  be  found  ?  By 
this  theory  the  silver  should  occur  indiscriminatelv  over  a  lar^^e 
area  instead  of  being  confined  to  limited  belts,  iu  close  proximity  to 
former  volcanic  centres,  as  at  the  reef,  and  in  the  district  near  Vir- 
gin City,  u|)on  North  Creek, — a  locality  less  well  known.  Such, 
however,  is  not  the  case.  Further  south  we  find  the  sanie  beds 
carrying  copper  ores  in  rich  quantities,  a  fact  hard  to  account  for 
under  the  theory  of  contemporaneous  precipitation  from  above.  The 
perfect  and  distinct  occurrence  of  ore  shoots,  in  the  different  produc- 
ing beds,  one  shoot  underlying  the  other,  separated  respectively  by 
4  and  again  30  feet  of  barren  rock,  is  likewise  hard  to  explain  by 
this  theory.  I  refer  to  an  instance  in  the  Buckeye  mine,  near  the 
Gad  shaft,  where  there  are  three  distinct  producing  branches,  the  top 
one  being  separated  from  the  second  one  by  4  feet  of  barren  rock, 
and  the  second  one  from  the  third  one  by  30  feet  of  unproductive 
ground,  with  a  well-marked  shoot  in  each,  one  overlying  the  other. 
I  cannot  see  how  it  is  probable  that  a  current  in  one  locality  should 
be  at  one  time  charged  with  silver  so  as  to  deposit  argentiferous 
rock,  and  then  again  free  from  silver  and  deposit  barren  rock,  as 
would  be  indicated  on  the  theory  of  contemporaneous  deposition  by 
the  alternations  just  mentioned. 

We  find  in  the  same  line  of  bedding  strata  holding  petrifactions 
from  G  inches  to  3  feet  thick,  which  contain  no  silver  ore,  while 
above  and  below  it  silver  is  found  in  good  permanent  grades  in 
strata  showing  a  scarcity  of  vegetable  remains.  Again,  I  have  seen 
a  stratum  where  the  upper  two  feet  assayed  about  $30,  then  6 
inches  assaying  $100  or  m(^re,  tl>en  15  inches  barren,  and  below  it 
a  layer  of  $20  rock,  all  of  the  strata  being  full  of  petrifactions. 

Another  frequent  occurrence,  is  a  foot  or  two-foot  seam  of  sand- 
stone, full  of  petrifactions,  charged  with  red  oxide  of  copper,  azurite, 
and  malachite  to  some  extent,  and  carrying  no  silver,  while  below  it, 
good  paying  ores  were  found  free  from  copper,  or  in  places  barren 
rock.  Such  a  copper  cap  has  always  been  found  a  good  indication 
for  an  ore  body  near  by,  and  drifts  which  I  started  on  this  indication 
have  since  opened  finely.  As  another  matter  of  interest,  I  found 
the  seams,  in  which  the  vegetable  remains  are  covered  with  autunite, 
which  is  quite  frequent  around  tlie  Gad  shaft,  and  the  two  car- 
bonates of  copper,  unproductive,  with  pay  seams  frequently  above 
and  below  them.     From  these  and  other  facts,  I  form  my  opinion,. 
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that  the  sandstones  and  silver  have  not  been  deposited  at  the  same 
time,  nor  the  ore  deposited  by  precipitation  from  metallic  solutions 
passing  in  from  above,  after  the  sandstones  had  been  tilted — a  theory 
occasionally  advanced. 

At  the  time  of  the  volcanic  disturbance,  metallic  solutions,  prob- 
ably accompanied  by  steam  and  vapors,  ascended  from  below  and 
percolated  through  these  sandstone  beds,  which  at  that  time  were 
most  porous.  The  pressure  decreasing,  the  vegetable  remains  in 
some  parts,  ferruginous  masses  in  others,  precipitated  the  sulphurets 
of  silver  (and  copper  in  places),  while  at  other  points  the  silver  was 
no  doubt  deposited  by  evaporation,  as  neither  of  the  two  precipitants 
is  found,  the  carbon  having  been  completely  consumed  in  decompos- 
ing the  metallic  salts.  The  upper  portions,  now  changed  to  chlorides, 
are  the  result  of  surface  waters,  charged  with  oxygen  and  chloride 
of  sodium,  and  the  native  silver  found  in  places  is  the  result  of 
decomposition  of  the  sulphurets.  As  at  Steamboat  Springs  to-day, 
where  thirteen  distinct  openings  (springs),  emit  steam  and  metallifer- 
ous vapors,  at  variable  distances  from  each  other,  so  did  we  have  in 
those  days,  different  channels,  which  are  now  marked  by  the  pay 
shoots.  We  can  thus  easily  see  how,  according  to  the  hardness  and 
compactness  of  the  sandstone  beds,  the  solution  percolated,  4  and  30 
feet  apart,  in  the  same  direction,  forming  three  ore  shoots  one  under 
the  other,  or  how  the  productive  branches  run  together  and  diverge 
again.  As  the  thermal  waters  under  pressure  coursed  through  the 
lower  strata  of  the  earth,  dissolving  the  silver  from  those  rocks,  por- 
tions of  copper  were  dissolved  with  it  from  adjoining  zones  which 
gave  rise  probably  to  the  copper  deposits  further  south.  In  places 
along  the  reefs,  these  waters  carried  more  copper  in  solution  than  in 
others,  and  through  some  molecular  attraction,  it  seems  as  if  the  copper 
has  more  or  less  limited  itself  to  certain  permeable  sand  beds,  while 
the  silver  has  gone  to  the  adjacent  bed,  according  to  the  mechanical 
condition  of  the  rocks,  and,  no  doubt,  the  chemical  nature  of  the 
precipitating  agent.  In  places  where  the  quantity  of  copper  was  but 
small  in  the  ascending  waters  it  has  been  deposited  in  the  same  bed 
with  the  silver. 

As  to  the  occurrence  of  copper  in  the  silver  bed  I  have  observed 
a  curious  fact.  If  the  copper  present  be  azurite,  or  a  grassy-green- 
looking  malachite,  the  amount  of  silver  in  the  bed  will  diminish, 
and  it  is  a  bad  indication  for  the  life  of  this  particular  shoot.  If  the 
copper  presents,  however,  a  pale,  but  lively  green,  with  a  bluish 
shade  in  it,  as  we  often  find  the  stain  on  quartzy  ores,  it  invariably 
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improves  the  grade  of  the  silver  ore.  You  may  call  it  "  kind"  and 
*'  unkind"  copper.  I  substantiated  this  on  both  reefs,  and  the 
trained  eye  will  tell  it  at  a  glance. 

Other  objects  of  interest  in  the  beds  are  occasional  pieces  of  vege- 
table matter  changed  into  lignite,  some  of  which  will  assay  high  in 
silver,  and  others  again  be  free  from  it.  They  are,  in  instances,  coated 
with  native  silver,  and  also  intergrown  in  cases  with  pyrites,  holding  a 
very  small  amount  of  copper.  In  places  trunks  and  branches  of  trees 
are  found,  some  of  which  assay  well,  while  others  do  not.  The  silver 
is  not  alone  limited  to  the  outside 
bark,  but  I  tried  pieces  from  the 
very  interior  of  such  branches, 
which  I  carefully  washed  and 
scrubbed,  and  they  yielded  as 
liigh  as  $40  in  silver.  I  also 
noticed,  in  the  Buckeye  Ret^f, 
a  six-inch  seam  of  jasper,  resting  between  sandstone  and  clay  shale. 

Slips  are  frequently  met  in  the  producing  sandstone  beds.  Some 
of  these  slii)S  are  caused  by  very  fine  fissures  or  cracks,  as  fine  as  a 
sharp  blade  of  a  knife.  They  sometimes  throw  the  ore  into  the  over 
or  underlying  producing  side  branch.  In  some  cases  they  also  cause 
the  silver  to  pinch  out  entirely 
as  in  Fig.  2.  Often  they  are 
also  the  leaders  to  a  new  de- 
posit. Faults  are  met  with, 
which  throw  the  silver-bearing 
stratum  from  a  few  inches  to 
several  feet  within  the  same 
line  of  bedding,  as  shown  in 

Fig.  1.  The  faulting  lines  are  usually  filled  out  with  clay,  and  they 
generally  contain  silver.  The  faults  and  slips  occur  in  all  the 
mines.  I  ap{)end  a  sketch  of  two  types.  Fig.  1,  being  from  the 
Buckeye  mine,  and  Fig.  2  from  the  Last  Chance  mine. 

The  silver  solution  seems  to  have  left  its  traces  in  some  of  these 
faulting  lines,  being  prevented,  of  course,  from  impregnating  the 
immediate  sides  by  the  clay  lining,  until  it  found  an  easily  permea- 
ble stratum  above  or  below.  The  faulting  lines  were  formed  during 
and  after  the  tilting  took  place  and  previous  to  the  silver  deposition. 

In  this  coiHiection,  I  may  mention  that  the  central  portion  of  the 
Buckeye  Keef,  on  its  west  branch,  shows  for  al)out  400  feet  in  length  a 
reverse  dip  (to  the  east),  forming   a  complete  curve  following   the 


rv.ns  into 
barren  rock 


Fig.2 
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bed  down  on  its  dip,  and  showing  the  upper  portion  of  this  curve 
faulted  40  feet  off  to  the  west. 

In  the  Kinner  mine,  in  one   place,  it  shows,  besides,  a  doubling 

up  before  it  assumes  the  regular 
west  dip,  as  is  indicated  in  the 
accompanying  sketch.  There  are 
many  other  points  of  interest  to 
be  mentioned,  but  they  would 
lead  me  too  far. 

I  will  add  a  few  words  of  the 
early  history  of  the  camp,  giving 
a  few  data  as  to  the  bullion  pro- 
duction and  the  cost  of  working  these  ores.  As  early  as  April 
or  May,  1875,  a  })arty  came  down  from  Salt  Lake  City,  spent  a 
few  hundred  dollars  in  prospecting,  and  left  the  camp  in  disgust. 
In  the  latter  part  of  July,  the  same  year,  Judge  Barlx^e  came  to 
reconnoitre  the  district.  In  September  he  returned  to  Salt  Lake 
City  to  lay  in  supplies,  and  returned  October  15th.  He  then  pros- 
pected for  thirty  days  on  the  White  Reef,  now  the  Gisborn  claim, 
but  without  results.  He  then  with  two  men  started  on  the  Tecum- 
seh  ground,  which  he  located  and  named  after  the  Indian  chief. 
December  6th,  1875,  he  made  his  first  shipment  of  lOJ  tons  of 
$502  ore;  of  course  he  sorted  his  ore.  In  forty-five  days  he  made 
his  second  shipment,  for  which  he  received  $7000.  This  he  fol- 
lowed up  with  smaller  shipments  to  Salt  Lake  City  up  to  July, 
1876,  when,  obtaining  better  rates  in  Pioche,  he  afterwards  shipped 
to  that  place.  Salt  Lake  charged  the  old  Reno  rates,  and  involved 
shipping  rates  of  from  $45  to  $50  per  ton,  while  the  shipping  rates 
to  Pioche  were  $30  per  ton.  They  allowed  70  to  75  per  cent,  of 
assay  value,  and  charged  $20  per  ton  beside  for  milling  the  ore. 
About  $17,000  was  realized  on  ore  sold  to  Salt  Lake  smelters,  and 
about  $23,000  from  the  Pioche  mills.  Outsiders  shipped  to  Pioche 
beside  about  $8000.  Until  October,  1876,  probably  twelve  per- 
sons formed  the  entire  population  of  Silver  Reef  CAty ;  the  next 
month,  what  is  known  as  the  Pioche  stampede,  set  in.  From  this 
time  active  work  was  done,  as  will  be  seen  from  the  mills  which 
were  built.  In  February,  1877,  the  Leeds  5-stamp  mill  was  started, 
followed  in  June,  1877,  by  the  Stormont  10-stamp  mill;  and  in 
October,  of  the  same  year,  by  the  Pioneer  3-stamp  mill.  January, 
1878,  brought  the  Christy  5-stamp  mill  into  operation  ;  and  in  March, 
of  the  same  year,  the  5-stamp  of  the  Barbee  &  Walker  commenced 
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operations.     This  latter  mill   was  burned  down   the  23d   of  Jnne, 

1879.  It  was,  however,  rebuilt  and  [started  the  27th  of  February, 

1880.  The  Pioneer  3-stanip  mill  was  closed  in  June,  1879,  and 
subsequently  taken  down. 

All  of  these  mills,  except  the  Leeds  and  Christy  and  the  rebuilt 
Barbee  &  Walker  mill,  were  built  by  home  capital.  There  are  four 
companies  at  work  in  the  camp,  Christy  and  Leeds  being  under 
San  Francisco  management,  Barbee  &  Walker  and  Stormont  under 
New  York  control.  Outside  of  the  four  companies,  the  Kinner 
mine  on  the  Buckeye  Reef,  and  a  few  minor  claims  on  the  southern 
portion  of  the  White  Keef,  are  being  worked  by  private  parties.  On 
vvhat  is  termed  locally  the  River  Reef,  the  east  branch  of  the  White 
Reef's  horseshoe,  little  work  is  being  done  at  present,  though  a  nice 
round  sum  of  bullion  has  been  made  from  the  ore  taken  out  of  the 
Duffin,  Gibfried,  Toquerville,  Jump  OflP  Joe,  Vanderbilt,  and  other 
claims,  situated  on  this  reef  High  milling  charges  and  royalties 
have  been  drawbacks  in  the  early  days  of  the  camp  to  the  poor  pros- 
pector, and  the  present  regular  rates  could  be  well  reduced,  namely, 
80  per  cent,  of  assay  value,  20  per  cent,  discount,  and  $12  per  ton 
for  milling;  returning  only  $52  from  a  $100  ore.  In  instances  of 
big  lots,  the  $12  charge  has  been  reduced  to  $10  and  $9.  Mill 
assays  govern  of  course. 

The  bullion  produced  by  the  camp  was,  up  to  June  1st,  1880, 
according  to  Wells,  Fargo  &  Co.'s  receipts,  2,755,247  ounces  of  fine 
silver.  To  this  ought  to  be  added  the  value  of  the  bullion  produced 
from  the  ore  at  Salt  Lake  City  and  Pioche.  Disregarding  this,  how- 
ever, we  calculate  that  counting  full  time  since  each  mill  has  been 
built  (deducting  of  course  the  eight  months  the  Barbee  &  AValker 
people  were  without  a  mill,  and  also  the  time  since  the  closing  of  the 
Pioneer  mill,  allowing  no  time  for  stoppages  and  repairs,  but  count- 
ing the  time  each  set  of  stamps  has  been  running,  and  noting  the 
number  of  stamps  of  the  respective  mills  and  reducing  it  to  the 
standard  of  one  stamp  per  day — 30  days  per  month),  the  stamp  ca- 
pacity of  this  camp  has  averaged  so  far  111  ounces  of  fine  silver  per 
day — a  remarkably  high  record  for  the  camp,  considering  that  all 
the  mills  had  more  or  less  stoppages  during  this  time.  But  if  the  ore 
had  not  been  in  sandstone,  this  return  could  not  have  been  made. 
The  amount  stamped  is  from  6  to  7  tons  per  head  per  day.  If  more 
than  that  is  stamped,  it  is  simply  run  into  the  slime  pits,  and  not 
put  through  the  pans.  If  only  picked  ore,  from  certain  portions  of 
the  Buckeye  Reef,  were  put  through,  probably  7.5  tons  per  stamp, 
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per  day,  on  a  month  run,  might  be  put  through  the  Stormont  mill, 
which  has  13  pans  to  10  stamps. 

As  mentioned  in  the  beginning,  some  of  the  ore  slimes  more  than 
others.  The  limits  lie  about  between  5  per  cent,  and  33  per  cent.  I 
know  of  cases  where  45  tons  were  stamped  to  get  30  tons  for  the  pans. 
The  folly  of  that  is  apparent,  as  settling-tanks  are  cheaper  than  the 
cost  of  hauling  it  out  of  the  slime-pits,  with  the  cost  of  having 
hauled  it  from  the  mine,  and  the  interest  on  the  money  while  ii  must 
lie  in  the  pit,  added  to  it.  However,  this  is  being- remedied  fast,  by 
adding  pans  and  settling  tanks  to  the  present  plant. 

The  amounts  of  sait  and  bluestone  used  in  milling  are  naturally 
very  variable,  according  to  the  locality  of  the  reefs  from  which  it  is 
taken.     The  limits  probably  lie  between 

Bluestone,    1  y^^  pounds  to    5  pounds  por  ton. 
Salt,  15      pounds  to  50  pounds  per  ton 

The  loss  in  quicksilver  varies  from  ly'g  pounds  to  2 J  pounds  per 
ton. 

The  total  cost  of  milling  varies  at  the  mills  from  $3.85  to  |6  per 
ton,  to  which  the  cost  of  ore-hauling  has  to  be  added,  except  in  case 
of  the  Barbee  &  Walker  mine,  which  has  no  ore-hauling  charges. 
All,  except  the  Stormont  mill,  are  steam  mills;  it  is  also  the  only 
10-stamp  mill  of  the  district.  The  stamps  in  use,  when  new, 
weigh  750  pounds,  and  with  a  fall  of  6  inches  make  from  80  to  100 
drops  per  minute.  The  batteries  have  40-mesh  screens.  The  Stoi'- 
mont  mill  has  6  blanket  sluices,  130  feet  long,  14  inches  wide,  5 
inches  deep,  inclined  under  3°, — the  only  one  in  the  camp.  The 
pans  of  the  district  are  rated  at  a  ton  and  a  half.  The  fineness  of 
the  bullion  varies  from  700  to  987  fine. 

Tailings  vary  from  $3.25  to  $10  per  ton,  varying  with  the  local- 
ities in  the  different  reefs.  Slimes  are  generally  richer  than  the  ore 
from  which  they  are  produced.  The  cost  of  mining  is  likewise  vari- 
able, depending  on  the  condition  of  the  mines,  i.  e.,  on  the  amount  of 
prospecting  and  dead  work  to  be  done,  or  the  construction  required, 
and  ranges  between  the  limits  of  $4.50  to  $9.50  per  ton.  The  total 
cost  of  these  ores,  including  bullion  charges,  ranges  from  $14  to  $17 
per  ton. 

Taking  the  camp  as  a  whole,  it  shows  very  well  indeed,  and  it 
must  be  ranked  among  our  good  camps.  If  the  companies  now 
operating  there  will  work  their  mines  legitimately  and  systemati- 
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cally,  the  camp  will  continue  to  be  for  a  long  time  yet,  v/bat  it  is 
to-day,  a  sure  and  steady  bullion  producer. 

DISCUSSION. 

Professor  G.  W.  Maynard:  I  bave  a  word  to  say  on  tbe  ques- 
tion of  the  age  of  tbe  sandstone.  I  have  examined  an  extensive  dis- 
trict in  tbe  foot-bills  of  tbe  Ural  Mountains,  in  Russia,  and  there 
found  sandstones  that  bave  the  same  appearance  as  these  of  Silver 
Reef.  The  sandstone  there,  as  here,  contains  reeds  and  rushes,  and 
silicified  trunks  of  trees.  I  bave  noticed  at  Silver  Reef,  where 
organic  matter  occurs,  that  the  ore  at  times  is  exceptionally  rich  in 
silver,  while  in  Russia  copper  takes  the  place  of  silver.  At  Silver 
Reef  there  are  no  true  fossils,  but  comparing  tbe  sandstones  of  Russia 
with  those  of  Utah,  I  venture  to  suggest  that  they  may  be  Permian. 
Mr.  Roth  well,  who  made  a  careful  investigation,  calls  them  Tertiary; 
Mr.  Rolker  is  of  tbe  opinion  that  they  are  Triassic. 

I  have  another  word  to  say  in  connection  with  the  economical 
working  of  these  sandstones,  that  is  tbe  difficulty  of  determining 
whether  they  contain  any  silver  or  not.  Tbe  barren  rock  so 
nearly  resembles  in  appearance  the  silver-bearing,  that  it  becomes 
necessary  to  make  anywhere  from  fifty  to  one  hundred  assays  a  day. 
Tbe  ores  mill  from  $20  to  $25  a  ton.  They  crush  very  easily  nine 
tons  under  each  stamp.  Tbe  district  has  already  produced  more  than 
three  million  dollars,  and  it  has  only  been  working  a  little  over  three 
years.     Tbe  monthly  production  is  135  to  150  thousand  dollars. 


SOIfE   COPPER   DEPOSITS    OF  CARBOLL    COUNTY, 

MARYLAND. 

BY  PERSIFOR  FRAZER,    PHILADELPHIA. 

The  ore  property  of  Mr.  Augustus  Roop  is  situated  about  one 
and  a  half  miles  south  of  the  New  Windsor  Station  of  the  Western 
Maryland  Railroad,  and  is  connected  with  thetownof  New  Windsor 
by  tbe  Liberty  and  New  Windsor  Turnpike.  It  is  about  forty 
miles  distant  from  Baltimore,  and  about  seven  miles  west  from  tbe 
county  town  of  Westminster,  and  a  little  more  northeast  from  tbe 
celebrated  Liberty  Coj)per  Mines.  (See  accompanying  Maps  1 
and  2.)     The  property  comprises  about  140  acres,  lying  principally 
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between  two  low  ranges  of  hills,  which  rise  over  one  hundred  feet 
above  water-level.  The  two  properties  together,  i.  e.,  that  of  Mr.  E. 
Stanffer  and  that  of  Mr.  Roop  contain,  perhaps,  240  acres. 

The  junction  of  the  lower  Silurian  limestone  and  the  hydro-mica 
schists  upon  which  it  rests,  so  famous  as  the  horizon  of  the  larger 
portion  of  the  limonite  banks  in  Eastern  Pennsylvania,  occurs  near 
the  crests  of  the  two  low  ranges  of  hills  before  referred  to;  so  that 
the  included  valley,  which  shallows  toward  the  south,  is  composed 
principally  of  limestone  which  the  lower  rocks  inclose  as  in  a  trough. 
(See  Sketch  Map  of  property  3.)  The  whole  tract  referred  to  lies  in 
Carroll  County,  Maryland. 

The  copper  ore  (of  which  analyses  will  be  found  below)  is  of  two 
kinds:  1st,  a  rich  band  dividing  the  limestone  from  the  apparently 
overlying,  but  in  reality  overturned  and  underlying  schists,  of  from 
six  to  eighteen  inches  in  thickness,  and  consisting  of  mixtures  of  the 
sulphides  of  copper,  with  a  highly  ferruginous  red  earth.  This  band 
occurs  everywhere  on  the  property  that  excavation  has  revealed  this 
junction,  and  has  averaged  23  per  cent,  of  metallic  copper. 

2d.  Various  qualities  of  carbonates  of  copper,  consisting  of  mal- 
achite and  azurite  permeate  the  limestone  for  a  distance  of  from  five 
to  fifteen  feet  perpendicularly  to  the  plane  of  junction  before  referred 
to.  Wherever  selected  for  analysis  within  this  distance  the  lime- 
stone yielded  12  per  cent,  of  copper. 

For  a  much  greater  thickness  than  this  the  slacking  property  of 
the  lime  from  this  limestone  is  said  to  be  seriously  interfered  with  by 
the  presence  of  salts  of  copper. 

The  existence  of  the  copper  was  revealed  by  the  excavations  for 
quarrying  limestone,  and  the  largest  of  these  is  situated  a  short  dis- 
tance from  Mr.  Hoop's  dwelling-house.  (Sketch  Map  3.)  A  thin 
layer  of  deposition  in  this  quarry  seems  to  dip  E.  15°  S.,  60°. 

The  cuj^riferous  belt  is  at  least  five  feet  thick  here,  and  even  the 
nacreous  schists  themselves  exhibit  yellow  and  green  stains  of  copper 
salts.  This  ore  locality  is  called  No.  1  on  the  Sketch  Map  (3).  At 
the  deepest  part  of  the  breast  of  limestone  (seven  feet  below  the  gen- 
eral surface),  the  dip  is  E.  20°  S.,  60°. 

About  150  yards  northeast  of  the  opening  No.  1,  and  close  by  a 
springhouse,  is  a  smaller  opening.  No.  2.  The  schists  are  here  sandy 
and  very  much  contorted.  The  dip,  however,  seems  to  be  about 
E.  10°  S.,  72°. 

About  eight  hundred  feet,  a  little  west  of  south  of  No.  1,  are  two 
smaller  openings,  marked  Nos.  3  and  4.     The  same  contact  is  here 
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found  on  the  summit  of  the  low  ridge  which  is  continuous  between 
the  two  openings.  The  dip  is  about  E.  30°  S.,  40°,  and  the  schists 
are  decayed  sandy  chloritic  argillites.  The  rich  ferruginous  band 
previously  mentioned  is  here  about  one  and  a  half  feet  thick,  while 
the  impregnated  rock  seems  to  exceed  its  usual  thickness  often  feet. 

Mr.  Foreman,  the  prospector  of  the  deposit,  states  that  he  got  very 
rich  copper  ore  out  of  this  opening.  Bornite,  chalcopyrite,  and  mal- 
achite are  all  to  be  found  here,  besides  some  gray  copper.  About 
two  barrels  and  a  half  of  this  ore  from  No.  3  are  said  to  have  been 
sent  to  Pope,  Cole  &  Co.,  of  Baltimore,  but  with  what  result  could 
not  be  ascertained.* 

At  an  opening  marked  No.  4  the  dip  is  about  45°. 

The  opening  No.  5  is  on  the  southeast  range  of  hills  on  a  pro- 
jection of  Mr.  Roop's  property  into  that  next  below.  The  quarry 
opens  up  the  limestone  here  at  about  ten  feet  (geologically  speaking) 
above  the  contact  of  the  schists. 

At  this  horizon  the  limestone  is  permeated  with  zinc  blende,  very 
much  as  is  the  case  in  the  Saucon  Valley  near  Bethlehem,  and  near 
Landisville  on  the  Pennsylvania  Pail  road.  The  distance  to  which 
this  impregnation  of  the  limestone  with  blende  extends  is  not  ac- 
curately known,  owing  to  the  very  imperfect  development,  but 
appearances  are  favorable  to  the  presence  of  a  rich  and  extensive 
mass  of  it.  Besides  tlie  sulphide  of  zinc  there  is  the  usual  rich  fer- 
ruginous band  of  copper  ore,  and  below  it  the  cupriferous  limestone 
represented  elsewhere. 

A  sixth  opening  (No.  6  on  Map)  clearly  bears  the  same  relation 
to  the  opening  No.  5  that  No.  1  bears  to  Nos.  3  and  4,  or  in  other 
words,  it  has  been  dug  on  the  outcrop  of  the  copper  ore  of  the  south- 
eastern hill.  Besides  copper  compounds  and  zinc  blende  are  here 
found  crystals  of  galena,  and  a  three  or  four  inch  seam  of  oxide  of 
manganese. 

Manganese  oxide  and  galena  are  also  found  at  opening  No.  5.- 
A  short  distance  south  of  No.  5,  and  just  over  the  property-line 
which  divides  the  properties  of  E.  Stauffer  and  A.  A.  Roop,  is  a 
quarry  in  which  copper  ore  is  said  to  have  been  found  many  years 
ago. 

On  the  northwestern  hill  at  the  point  No.  7,  which  is  close  to  Mr. 

■^  On  February  24th,  1880,  about  454  pounds  of  the  average  output  of  a  hole 
sunk  a  few  yards  southwest  of  hole  No.  1,  was  sent  to  Pope,  Cole  &  Co.,  who  paid; 
for  it  as  23  per  cent,  ore,  according  to  the  statement  of  Mr.  Hutchinson.     (See- 
note.) 
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Stauffer's  barn,  there  is  a  shallow  ditch  dug,  in  which  unmistakable 
evidences  of  the  presence  of  copper  ores  are  found  in  the  colored 
schists  and  limestone  fragments  profusely  scattered  around. 

There  seems  to  be  no  doubt,  then,  from  the  testimony  of  the  rocks 
at  Nos.  1,  2,  3,  and  4,  on  the  northwest  hill,  and  Nos.  5  and  6  on 
the  southeastern  hill,  of  the  existence  of  a  continuous  deposit  of  cop- 
per ore,  in  a  sheet  of  which  the  first-named  excavations  represent 
one  outcrop  line,  and  the  last  two  the  other;  and  also,  that  besides 
the  copper  ore,  there  are  masses  of  zinc  blende  and  manganese,  which 
occur  near  it. 

The  section  placed  at  the  upper  right-hand  corner  of  Map  3  will 
explain  the  view  of  the  structure  taken  by  the  author.  If  this 
be  correct  the  plate  of  ore,  after  making  a  shallow  bend  in  the  flank 
of  the  northwestern  hill,  dips  under  the  valley  between  the  two 
hills  at  a  moderate  angle,  and  after  having  sunk  300  or  400  feet 
below  the  lowest  point  of  the  surface  emerges  again  with  a  steeper 
and  reversed  dip  on  the  opposite  (southeast)  hill. 

The  section  given  in  the  lower  left-hand  corner  shows  the  same 
beds,  but  with  this  difference, — that  while  it  seems  probable  that  the 
bendinor  of  the  strata  at  the  northwestern  end  of  the  northern  sec- 
tion  results  in  a  shallow  followed  by  a  deep  trough,  with  a  narrow 
belt  of  barren  schists  dividing  them,  in  the  southern  section  the 
northwestern  trough  is  the  larger  of  the  two,  and  the  breadth  of 
barren  rock  separating  them  has  increaserl  very  much  ;  and  by  this 
narrowing  and  shoaling  of  the  ore  belt  a  considerable  quantity  of  it 
is  lost. 

This  appears  to  indicate  also  that  the  ore  trough  itself  rises  to- 
wards the  south,  and  explains  (if  well  established)  the  fact  that  cop- 
per ores  have  not  been  reported  as  discovered  between  Mr.  Roop's 
farm  and  the  Liberty  Copper  Mines,  distant  about  eight  miles  in  the 
direction  of  the  strike;  for  the  lowest  point  of  the  trough  of  cop- 
per ore  which  is,  say  350  feet  deep  at  the  northern  end  of  Roop's 
property,  is  but  about  175  feet  at  the  southern  end;  or  in  other 
words,  in  a  distance  of  1000  feet  south  over  the  surface  it  has  risen 
175  feet,  so  that  in  double  that  distance  or  less  than  half  a  mile  the 
bottom  of  the  trough  would  reach  the  present  surface,  and  in  any 
greater  distance  it  would  rise  above  this.  But  this  is  but  another 
form  of  saying  that  all  portions  of  the  ore  body  south  of  2000  feet 
from  opening  No.  1  have  been  eroded  and  washed  away.  Of  course 
this  is  understood  to  apply  to  these  rocks  only  for  that,  at  present, 
unknown  distance  within  which  the  shoaling;  of  the  svnclinal  basin 
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towards  the  south  continues.  If  the  inck)sing  synclinal  of  schists 
attain  deepen  in  that  direction  it  is  an  indication  of  the  return  to  the 
earth,  and,  probably,  the  j)reservation  within  itself  of  that  particu- 
lar layer  containing  the  copper  ore. 

The  following  small  diagram  may  make  this  clearer.  It  represents 
an  imaginary  |)arallelopipedon  cut  out  of  the  earth  in  the  dire(;tion 
of  the  strike  of  the  rocks.  The  line  a  b  represents  the  profile  of  a 
cer(aiii  extent  of  country  in  a  northeast  and  soutiiwest  line.  The 
shaded  portion  between  the  a  b  and  c  d,  represents  the  side  of  the 
cupriferous  trough  as  it  would  appear  through  the  outer  trough, 
could  we  look  through  such  a  great  northeast  and  southwest  slice  in 
a  southeast  or  northwest  direction.  The  curves  above  a  b  re])resent 
the  portion  of  the  ore  plate  which  have  shared  the  general  erosion 
which  has  moulded  the  surface. 

If  the  structure  here  supposed  is  true  their  ought  to  be  indica- 
tions of  copper  to  the  north  of  the  Roop  tract,  but  only  for  a  short 


_        ,  Stauffer's 
Rood's 
Toll  Gate  '■  '  —' 


c  d-  Bottom  of  synclinal  of  copper  deposit, 
a  b  -  Ideal  line  of  present  surface. 


distance  to  the  south.  In  confirmation  of  this  view  the  absence  of 
known  ore  between  Stauifer's  farm  and  the  Liberty  Mines  is  cited 
on  the  authority  of  the  residents  in  Mr.  Roop's  vicinity.  The  other 
fact,  i.  e.,  the  existence  of  copper  ores  to  the  north,  is  attested  by  the 
record  of  a  well  sunk  near  a  toll-house  where  copper  ore  \yas  found 
at  75  +  feet  (?)  (see  Map  2). 

In  selecting  specimens  for  analysis  great  pains  were  taken  to  avoid 
getting  either  a  too  high  or  a  too  low  average.  Two  or  tliree  tons 
of  the  fragments  thrown  down  from  the  breast  of  limestone  in  the 
quarries  'Nos.  1  and  5  were  in  each  case  mixed  and  divided,  so  that 
the  one  hundred  pounds  finally  boxed  up  for  analysis  was  a  fair 
sample  of  the  entire  lot.  ^liese  boxes  of  samples  were  nailed  up 
and  secured  under  the  eye  of  the  author,  and  by  him  shipped  to  his 
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laboratory  in  Philadelpliia  from  the  railway  depot  in  New  Windsor. 
The  zinc  blende  was  principally  obtained  from  No.  5,  because  it 
is  best  exposed  in  that  cut,  yet  there  is  no  doubt  of  the  existence  of 
this  mineral  in  No.  6. 

The  following  analyses  are  feir  types  of  a  much  larger  number  of 
determinations  made.  The  copper  analysis  selected  was  of  that  ore 
out  of  the  whole  number,  in  which  the  percentage  of  copper  was 

the  lowest. 

No.  1,  dark  ore  from  contact  ferruginous  belt  in  quarry  No.  1. 

No.  2,  b'ght  blue  ore  from  No.  1. 

No.  3,  zinc  ore  from  No.  5  (lies  10  to  15  feet  below  the  contact 

belt). 


1 

2 

3 

3.53 

2.901 

•^Specific  gravity, 

Per  cent. 

Percent. 

Per  cent 

Insoluble  residue, 

8.97 

0.87 

38.06 

Carbon  dioxide, 

44  44 

Alumina, . 

Iron  sesquioxide, 

'    /    24.21    1 

4.55 
0.51 

Lime, 

23.34 

Magnesia, 

8.94 

Copper,     . 

.       23.70 

12.90 

Lead, 

trace 

trace 

Arsenic,    . 

none 

Sulphur,    . 

1.90 

Water,      . 

2.70 

Zinc  sulphide,  . 

40.93 

Iron  pyrites,     . 

1.67 

100  15 

To  apply  these  facts  to  the  estimation  of  the  value  of  this  ore: 
The  length  of  the  outcrops  of  the  copper  ore  across  Mr.  Roop^s 
tract  is  about  thirteen  hundred  feet.    The  length  of  the  curve  of  the 
ore  under  ground  is  about  fourteen   hundred   feet.     The  minimum 
thickness  of  the  copper-bearing  rock  is  five  feet. 

Assuming  the  lowest  of  the  specific  gravities  given  above  (viz., 
2.9)  there  would  be  1300  ft.  X  1400  ft.  X  5  ft.  X  62.39  Ibs.f  X 
2.9  sp.  gr.  =  700,030  tons  (of  2352  pounds)  of  copper  ore  on  this 
property.  The  lowest  percentage  of  copper  yielded  by  any  of  the 
ores  which  were  analyzed,  was  12.9.  A.ssuming  nearly  1  per  cent, 
lower  than  this,  or  12  per  cent,  for  the  average  of  the  ore,  the  por- 


*  Determined  from  fragment,  not  from  powder. 
■(•   Weight  of  cubic  foot  of  water. 
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tion  of  this  copper  ore  basin  contained  on  Mr.  Roop's  farm  would 
produce  84,004*  tons  (of  2352  pounds)  or  98,789  tons  (of  2000 
pounds)  of  ingots. 

The  facilities  of  transportation  are  much  better  from  the  Roop 
farm  than  from  the  Liberty  Mines,  as  the  AVestern  Maryland  (but 
little  over  a  mile  distant),  and  the  Columbia  and  Frederick  rail- 
roads place.it  in  communication  with  all  points  West,  East,  North 
and  South. 

It  may  be  added  that  the  farm  is  situated  in  one  of  the  most  fer- 
tile parts  of  Maryland,  and  is  worth,  for  funning  purposes  alone  (as 
the  writer  is  informed  by  the  persons  who  live  there),  from  $100  to 
$150  per  acre. 

The  property  is  near  a  water  divide,  but  it  is  said  that  any 
amount  of  water  required  for  mining  can  be  obtained  by  wells. 

The  extent  and  value  of  the  zinc,  lead,  and  manganese  deposits 
liave  not  been  satisfactorily  ascertained,  on  account  of  the  meagre  ex- 
ploration, but  it  seems  quite  safe  to  assert  that  the  former,  and  per- 
haps the  latter,  of  these  metals  exists  in  quantities  large  enough  to 
increase  the  sum  total  of  mineral  wealth  in  the  ground. 

The  proximity  of  the  place  to  the  great  centres  of  trade,  and  espe- 
cially to  Baltimore,  will  greatly  simplify  the  problem  of  utilizing  the 
ores,  which  may  be  loaded  cheaply,  and  sent  to  any  of  the  copper 
works  of  Baltimore  or  Philadelphia,  or  the  seaboard. 

April,  1879. 

The  following  memoranda  were  made  from  verbal  statements  by 
Mr.  Hutchinson  : 

Since  April,  1879,  a  50-foot  shaft  has  been  sunk  on  the  line  of  strike  between 
openings  Nos.  1  and  3,  and  good  ore  was  struck.  It  was  called  "  New  No.  1." 
The  width  of  the  "vein''  (.nc)  here  is  about  six  feet  at  a  depth  of  fifty  feet. 
Samples  were  taken  from  "  New  No.  1  "  (which  is  about  twent3'-five  feet  south- 
west of  Old  No.  1)  in  December,  1879,  and  analyzed  by  Booth  &  Garrett. 
They  were  of  two  kinds  :  1st.  Unwashed,  or  just  as  they  lay  on  the  dump.  2d. 
Washed  and  cleaned  from  adhering  impurities. 


^  Mr.  Daniel  King,  who  is  familiar  with  this  region,  reports  having  found  a 
piece,  selected  haphazard  from  the  dump  of  hole  No.  1,  as  low  as  7  per  cent,  in 
copper.  Taking  this,  the  number  of  tons  of  ingot  represented  by  the  ore,  would 
be  49,002  tons.  It  may  be  mentioned,  in  passing,  that  Mv.  King  agrees  entirely 
with  the  author  as  to  the  structure  and  all  other  elements  of  the  calculation  of 
quantity. 
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The  firs^t specimens  analyzed  36.92  per  cent   copper. 

The  second  specimens  analyzed  44.92  per  cent,  copper. 

A  mass  of  ore  \veighin<^  about  three  hundred  pounds  was  knocked  out  of  the 
"  New  No,  1,"  and  was  broken  into  fragments  of  about  twenty-live  pounds.  They 
were  full  of  "  gray  copper." 

On  December  21st,  1879,  Mr.  Hutchinson  picked  up  some  ]>ieces  of  rock  which 
were  beino-  thrown  away  as  waste.  By  analysis  of  Booth  &  Garrett  they  con- 
tained 7.77  per  cent,  copper.     The  dirt  around  them  assayed  9.38  per  cent. 

February  24th,  1880,  the  average  output  of  this  hole  was  ore  containing  22  61 
per  cent  copper  (gray  copper). 

454  pounds  of  this  ore  was  sent  to  Pope,  Cole  &  Co.,  who  paid  for  it  as  ore  of 

''23.10  Cu.  ;   water,  0." 

Opening  No.  3  has  been  sunk  down  about  ten  feet  deeper,  and  shows  the  same 

vein  as  rich  as  No.  1. 

Mr.  Hutchinson  authorizes  the  statement,  1st,  that  the  ore  grows  richer  as  depth 
is  gained  ;  2d,  the  width  increases  so  far  as  data  can  be  obtained.  A  fair  average 
of  the  paying  zone  is  not  less  than  six  feet. 

Note. — The   following   letter  was  recently   received    from    Mr. 

Hutchin.son  in  answer  to  one  asking  information  as  to  the  changes 

since  the  date  of  my  visit. 

October  8th,  1880. 
Professor  Perstfor  Frazer. 

Dear  Sir  :  In  reply  to  your  inquiries  in  reference  to  the  Koop  Farm  operations, 
I  would  say : 

1st.  'There  has  been  one  new  opening  made  about  one  hundred  and  fifty  feet  from 
the  one  designated  on  your  map  as  No.  1,  where  they  went  down  about  forty-five 
feet  from  the  surface.  It  was  commenced  some  time  in  December  last,  and  work 
suspended  about  the  middle  of  March,  1880. 

2d.  No  work  of  any  account  has  been  done  on  the  old  openings. 

3d.  The  theory  of  structure  as  far  as  gone  agrees  with  the  developments  perfectly. 

4th.  The  assays  are  as  follows:  December  12th,  1879,  by  Messrs  Booth,  Garrett 
&  Blair,  of  this  city,  two  samples:  Washed,  44.92  per  cent,  copper;  unwashed, 
36.92  per  cent,  copper. 

These  were  nuggets  from  sui-face  of  new  opening,  taken  from  the  dumps  without 
selection. 

December  31st,  1879,  by  same:  Rock,  low  grade,  7.77  percent,  copper  ;  dirt,  9.38 
per  cent,  copper;  from  north  side  of  opening,  six  feet  from  surface. 

February  24th,  1880 :  From  sample  of  ground  ore,  metallic  copper,  22.61  per  cent., 
taken  from  about  thirty-five  to  forty  feet  from  the  surface. 

February  20th,  1880,  by  Pope,  Cole  &  Co.,  Baltimore :  Barrel  of  cobbed  ore,  23.10 
per  cent.,  nearly  all  surface  ore. 

5th.  But  small  quantity  sold,  for  which  was  paid  $3.00  per  unit. 

Very  respectfully  yours, 

E.  Hutchinson. 
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J^OTES  ON  TWO  SCAFFOLDS  AT  THE  CEDAB  POINT 

FUBNACE. 

BY   T.    F.    WITIIERBEE,    PORT  HENRY,    N.    Y. 

On  the  22d  of  November,  1879,  white  iron  unexpectedly  ap- 
peared while  working  the  Cedar  Point  Furnace,  Port  Henry,  N.  Y., 
on  the  following  burden,  calculated  to  turn  out  mill  and  foundry 
iron : 

Anthracite  coal,  .......     3000  pi)und.=. 

Connellsville  coke,     .......     1500       " 

Total, 4500       " 

Old  Bed  ore, 3750  " 

New  Bed  fine  ore, 2000  " 

New  Bed  chunk  ore, 1000  '< 

Kearney  hematite  ore, 750  " 

Total, 7500       " 

Magnesian  limestone,  ......     1665       " 

Common  limestone,    .......       835        " 

Total, 2500       " 

The  production  per  week  since  making  mill  iron — from  September 
1st,  1879,  to  date,  seven  weeks — was  412  gross  tons.  Ore  was  not 
immediately  taken  off,  as  nothing  serious  was  looked  for.  The  iron 
for  the  next  week  graded  from  No.  4  to  white,  and  in  six  days  the 
make  was  274J  tons.  At  10  p.m.,  Friday,  the  28th,  a  slip  of  14 
feet  occurred,  and  on  Saturday,  at  5  A.M.,  another  of  3  feet  on  the  south 
side  and  7  feet  on  the  north  side  took  place.  At  this  time  it  was  found 
that  the  south  side  had  been  hanging  for  over  a  week — a  fact  which 
had  not  been  reported.  Throwing  off  the  wind,  to  produce  slips 
and  reduce  pressure,  had  been  tried  with  no  effect.  The  stock,  as 
seen  through  the  tuyeres,  seemed  to  consist  almost  entirely  of  coal, 
with  just  enough  infusible  cinder  to  cement  it  into  a  mass  through 
which  the  blast  could  not  be  forced.  At  3.50  a.m.,  Sunday,  the  30th, 
the  first  cinder  seen  in  seventeen  hours  came  into  tuyeres  Nos.  1,  2, 
o,  and  G.     At  9.30  a.m.  No.  3  was  taken  out  to  see  if  the  stock 
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could  be  "  heaved  out "  b}^  hard  blowing,  and  sneh  help  as  could  be 
given  with  bars.  Two  hours'  work  showed  that  no  benefit  could  be 
had  in  that  way,  and  at  11.30  the  tuyere  was  put  back.  The  pres- 
sure was  found  to  have  gone  down  from  15  to  4J  pounds,  with  two 
more  turns  of  the  engine,  accompanied  by  a  big  rush  of  gas,  which 
had  entirely  ceased  for  twelve  hours.  The  trifling  amount  of  stock 
blown  out  was  mostly  lime  and  coal,  and  a  little  brown  spongy 
cinder,  too  infusible  to  run.  At  3.30  p.m.  another  slip  of  18  feet 
occurred  after  the  furnace  had  been  hanging  thirty-four  and  a  half 
hours.  This  brought  the  pressure  up  again  to  6J  pounds,  and  from 
that  point  it  gradually  went  higlier,  and  the  gas  fxiled,  so  that,  for 
the  second  time,  it  was  all  given  to  the  stoves.  Forty-four  barrows 
of  coke  were  put  in  immediately  after  the  slip  on  the  north  side, 
thus  levelling  up  the  stock  at  20  feet  from  the  tunnel  head. 

Six  beds  of  white  iron  were  cast  at  4.30  p.m.  on  seven  tubs  of 
cinder,  which  was  tough,  stringy,  and  of  a  dark-brown  color.  The 
same  kind  of  cinder  slowly  flowed  through  the  Liirmann  cinder 
notch  from  7  p.m.,  and  by  11  A.M.  Monday,  things  had  considerably 
improved.  The  pressure,  however,  kept  up  very  high,  seven  to 
eight  turns  of  the  engine  giving  14  to  17  pounds  per  square  inch. 
The  tuyeres  had  brightened  up,  and  live  stock,  coal,  and  coke  showed 
in  front  of  them.  At  12  m.  the  engine  came  up  to  ten  turns.  The 
stoves  had  maintained  very  good  blast  heat,  although  the  gas  had 
stopped  entirely  at  times — in  one  instance  for  twelve  and  in  another 
for  fourteen  hours.  Five  beds  of  white  iron  were  cast  at  2  p.m., 
and  the  furnace  slip])ed  over  20  feet,  which  filled  the  crucible  with 
gummy  cinder  and  stock  so  tliat  no  wind  could  enter.  The  tuyeres 
were  cleaned  out  and  the  engine  kept  going  by  main  force.  The 
furnace,  as  before,  was  filled  up  to  within  20  feet  of  the  top  with 
forty-eight  barrows  of  coke,  and,  in  addition,  4000  pounds  of  cinder 
were  put  on. 

A  council  of  war  decided  that  the  game  was  up,  no  one  having 
any  remedy  to  suggest.  Kerosene  had  been  tried  on  two  previous 
occasions,  with  the  only  result  of  lending  the  works  its  characteristic 
perfume  for  the  next  six  months. 

Finally,  it  was  decided  to  try  the  effect  of  a  tuyere  above  the 
mantel,  and  one  was  put  in  as  shown  in  the  drawing,  18  feet  6 
inches  above  the  bottom.  The  brickwork  was  much  thicker  at  that 
point  than  was  expected,  showing  only  about  1  foot  wear  in  two 
years.  Tlie  bronze  tuyere  shown  iu  the  drawing  came  just  flush 
with  the  inside  of  the  lining.     As  will  be  seen,  it  pitched  down,  a 
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circumstance  which  was  not  specially  intended.     The  appearance  of 
the  materials  at  this  point  was  waited  for  with  some  curiosity,  as  it 


Fig.  2. 


Section  throuL'h  the  Hearth. 


Fig.  3. 


Frout  View  of  Ciuder  Arch. 


Vertical  Section  of  Cedar  Point  Furnace. 
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is  seldom  the  fortune,  or  misfortune,  of  one  to  get  an  inside  view  so 
high  in  the  boshes.  The  brickwork  was  found  to  be  but  little 
burned,  beincr  white  nearly  to  the  end.  Then  came  about  21  feet  of 
dust,  which  sparkled  and  glowed  when  exposed  to  the  air,  showing 
it  to  be  in  part  carbon.  It  was  packed  so  hard  that  a  bar  was  with 
difficulty  driven  through  it  to  snuif  the  tuyere.  It  took  about  six 
hours  to  connect  wind-pipes  and  set  the  tuyere,  during  which  time  the 
wind  was  off  the  furnace.  When  all  was  ready,  the  lower  tuyeres 
were  snuffed  out  as  well  as  possible,  and  the  wind  put  on.  The 
pressure  had  gone  down  to  IJ  pounds  with  8J  turns  of  the  engine. 
In  one  hour  another  slip  of  an  unknown  distance  occurred,  but,  judg- 
ing by  the  concussion,  it  was  fully  equal  to  any  of  the  others.  The 
high  tuyere  melted  very  fast,  and  did  good  execution  on  something, 
but  whether  the  whole  or  any  part  of  the  relief  came  from  it,  or 
whether  it  was  due  to  standing  still  during  the  six  hours  mentioned, 
is  hard  to  tell.  Still,  the  only  thing  that  throws  doubt  on  the  efficacy 
of  the  tuyere  is  the  change  coming  so  soon  after  it  was  put  at  work. 
The  low  [)ressiire  observed  immediately  after  the  stop  may  have  been 
caused  by  the  passage  of  all  of  the  wind  through  the  high  (No.  7) 
tuyere.  It  was  evidently  located  below  the  scaffold.  Perhaps  the 
most  siuPfular  feature  about  this  case  is  the  fact  that  neither  the  iron 
nor  cinder  notches  were  lost  during  the  whole  time.  The  whole  dis- 
tance slij)ped  amounted  to  at  least  47  feet  in  the  four  days,  and  the 
time  duriup;  which  no  movement  of  the  stock  was  known  was  fifty- 
seven  hours. 

From  this  time  the  furnace  was  treated  as  though  it  had  been 
blown  out,  and  was  filled  up  again  with  2100-pound  charges  of  ore 
as  a  commencement,  rapidly  increasing  until  7200  pounds  was 
reached,  which  took  until  December  9th,  six  davs.  The  week 
ending  December  13th  showed  429 J  tons,  and  the  next  four,  438 J, 
448,  442,  and  469  tons.  On  January  8th,  1880,  the  burden  was 
increased,  as  No.  1  iron  was  made  when  mill  iron  was  wanted.  A 
change  was  again  made  January  13th  by  an  error  in  setting  the 
scales,  by  which  330  pounds  of  ore  and  125  pounds  of  stone  were 
added  to  a  charge  already  too  heavy.  The  mistake  was  not  discov- 
ered for  three  days,  and  then  there  remained  some  three  days  more 
to  get  rid  of  that  in  the  stack.  The  furnace  was  in  such  good  con- 
dition that  the  error  was  merely  corrected,  and  no  change  of  any 
great  amount  was  made  from  the  usual  burden,  as  it  was  thought 
that  by  blowing  light  and  keeping  the  blast  well  up  things  would 
ultimately  right  themselves.     Although  the  iron  tended  to  be  too 
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hard  in  quality,  a  fair  amount  was  made.  During  the  week  ending 
January  17th  the  product  was  389  tons,  and  for  those  following 
384J,402J,  433,  and  306  tons.  During  this  time,  ending  February 
14th,  many  slij)s  occurred,  but  none  of  any  great  distance. 

The  (!()ke  was  increased  to  one-half  and  to  various  lesser  amounts, 
to  see  if  it  would  not  make  things  run  more  smoothly,  but  with  no 
good  results.  On  February  10th  we  began  to  gradually  diminish 
the  amount  of  coke,  as  notice  was  received  that  shipments  were 
stop])ed  on  account  of  a  strike,  and  by  the  18th  all  coke  was  taken 
oflF.  On  Sunday,  February  15th,  the  coke  in  the  crucible  was  down 
to  10  per  cent.,  or  450  pounds.  At  11  A.M.  nine  beds  of  mottled 
iron  were  cast,  and  cinder  of  good  quality  was  obtained  at  1  P.M. 
The  pressure  had  been  up  pretty  high  during  the  preceding  night,  and 
the  wind  was  thrown  off  several  times  to  reduce  it.  At  1.80  P.M. 
the  cinder  suddenly  stopped  and  the  wind  blew  hard  through  the 
cinder  tap  with  a  peculiar  bellowing  sound,  indicating  a  hollowness 
inside.  The  wind  was  again  cut  off  to  relieve  the  10-pound  pres- 
sure. No  movement  was  noticed  until  the  wind  went  on,  and  then 
a  4-foot  slip  occurred,  filling  every  tuyere  with  mushy  cinder,  which 
partly  blew  out  again.  No  coal  was  in  sight  at  the  tuyeres,  but  a 
frothy  red  cinder  appeared,  looking  like  a  red-hot  sponge,  ovving  to 
the  holes  made  through  it  by  the  blast,  and  in  it  black  chunks  of 
lime  were  tumbling  around.  The  pressure  at  this  time  was  11 
pounds  with  seven  turns  of  the  engine.  A  cast  was  made  right 
aw^ay  in  order  to  relieve  the  tuyeres,  four  beds  of  iron  and  a  small 
amount  of  cinder  being  obtained.  As  serious  trouble  was  indicated, 
all  gas  was  turned  to  the  stoves,  one  being  held  in  reserve,  and  worked 
up  hot  to  be  used  when  it  would  do  most  good.  At  8  p.m.  no  im- 
provement had  taken  place,  the  tuyeres  closing  up  as  fast  as  they 
were  opened.  The  gas  was  failing,  steam  was  low,  and  not  much 
wind  was  going  into  furnace ;  1 J  beds  of  iron  and  a  trifling  amount 
of  cinder  were  cast.  On  Monday,  the  16th,  at  7  a.m.,  it  was  decided 
to  take  out  the  south  cinder  arch,  in  order  to  get  a  big  hole  to  enable 
us  to  heave  out  again.  It  was  found  a  hard  job  to  dig  it  out,  and 
so  it  was  decided  to  try  to  blow  it  out  with  giant  powder,  a  charge 
of  which  was  ])laced  just  inside  of  the  arch  through  the  hole  where 
the  cinder  tuyere  goes  (see  A  on  drawing).  One  cartridge  of  half  a 
pound  just  shook  it  up  and  enlarged  the  hole.  Next  four  cartridges 
were  put  in,  which  blew  the  arch  and  cinder  spouts  out  into  the 
yard,  caused  a  3-foot  slip,  and  brought  out  at  least  twenty  cart- 
loads of  mushy  cinder,  full  of  coal-dust  and  lime.     The  gas  started 
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immediately,  and  the  pressure  dropped  down  to  6  pounds.  Holes 
were  o:ot  throuirh  the  tuvere  breasts  to  No.  2  and  4  tuyeres,  and  some 
cinder  was  taken  out.  The  improvement  did  not,  however,  last 
long,  the  gas  died  out,  and  the  pressure  again  went  u{).  On  this 
day  wind  was  put  through  the  high  (No.  7)  tuyere.  At  this  point 
the  stock  was  simply  a  gummy  mass  about  3  feet  thick.  The  wind 
did  not  do  much  through  this  tuyere,  and,  by  mistake,  it  was  shut 
off  and  filled  up  with  cinder.  At  8  a.m.,  on  the  17th,  it  was  decided 
to  blow  out  the  north  cinder  arch.  Three  cartridges  were  put  in, 
which  just  brought  it  out,  with  no  further  benefit. 

The  salamander  was  found  to  rest  on  a  bed  of  anthracite  coal 
about  even  with  the  bottom  of  the  cinder  arch,  as  shown  in  the 
drawing.  One  of  the  helpers  was  set  to  digging  a  hole  just  under 
the  salamander,  which  he  succeeded  in  doing  without  much  diffi- 
culty by  working  out  the  lumps  of  coal  clear  to  the  centre  of  the  cru- 
cible and  di[)ping  down  about  34  inches  below  the  tuyeres  (see 
drawing).  Into  this  a  charge  of  12  pounds,  equal  to  22  cartridges 
of  "giant"  and  "  Monaky  "  powder,  went  at  2  P  M. 

This  cartridge  was  made  by  removing  the  paper  from  the  common 
cartridge  and  ramming  the  loose  powder  into  a  box  5  x  6  x  27  inches, 
made  of  J-inch  pine,  to  which  was  fastened  an  iron  handle.  Two 
exploders  were  put  in  it,  with  two  lines  of  fuse,  the  outer  ends  being 
wound  close  together  and  cut  off  square,  so  that  both  could  be  fired 
simultaneously.  The  hole  was  very  hot  and  contained  a  few  quarts 
of  melted  iron  at  the  bottom.  Cooling  off  with  water  would  not 
do,  as  the  "  Monaky ''  powder  would  explode  in  boiling  water,  so  a 
trial  was  made  with  wet  clay,  with  which  the  hole  was  filled,  and 
then  a  hard  wood  scantling  6x8  inches  was  driven  in  and  removed 
to  make  room  for  the  box.  The  clay  could  not  be  made  to  stick  on 
to  the  top  of  the  hole,  and  would  not  entirely  cover  the  iron  in  the 
bottom,  and  as  matters  were  getting  worse  all  the  time  it  was  de- 
cided to  make  the  attempt.  By  means  of  the  handle  the  box  was 
thrust  to  the  bottom  of  the  hole  and  the  fuses  fired  by  a  hot  iron, 
while  an  assistant,  Mr.  Duffy,  with  a  hoe,  packed  sand  in  the  mouth 
of  the  hole.  Probably  less  than  ten  seconds  was  used  in  loading, 
tamping,  firing,  and  fleeing  from  the  wrath  to  come. 

Some  had  predicted,  as  the  result,  damage  ranging  from  total 
destruction  of  the  stack  down  to  a  mere  fizzle.  So,  for  want  of 
better  occupation,  the  u})per  part  of  the  stack  was  watched  with 
considerable  interest.  The  explosion  was  not  very  loud,  and  no 
movement  of  the  stack  visible  to  the  eye  took  place,  although  the 
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ground  shook  considerably,  seemingly  before  the  noise  was  heard. 
Tiie  wind  was  on  tlie  furnace  at  the  time,  but  probably  little  or  none 
going  in,  and  upon  getting  back  to  the  stack  it  was  plain  that  things 
had  changed.  Gas  was  coming  out  around  every  tuyere  and  through 
all  the  joints  of  the  casing,  from  the  tuyere  breasts  down,  and  for 
one-half  the  way  around  the  stack  there  was  an  accumulation  of 
mushy  cinder  and  lime,  with  an  occasional  rounded  lump  of  small 
coal,  from  1  to  2  feet  thick,  the  total  quantity  being  about  fifty 
cartloads.  The  stock  had  gone  down  an  unknown  distance,  and  the 
salamander  about  as  far  up,  and  good  coal  appeared  in  front  of  No.  6 
and  No.  2  tuyeres  for  the  first  time  in  forty-eight  hours.  The  dam- 
age was  confined  to  the  breaking  off  of  two  f-inch  water-pipes  ami  of 
one  lug  of  No.  6  tuyere  })ipe.  The  engine  was  stopped,  and  No.  2 
and  No.  6  tuyeres  cleaned  out  and  put  at  work,  with  wind  from  the 
stove  in  reserve  at  1700  degrees.  The  north  cinder  arch,  in  which 
the  explosion  was  made,  gave  an  outlet  for  cinder,  and  also  several 
holes  drilled  through  the  brickwork  between  Nos.  1  and  2  and  Nos. 
2  and  3  tuyeres.  Plenty  of  gas  came  through  and  melting  began  at 
once,  the  pressure  being  5  pounds.  Cinder  and  iron  soon  began  to 
flow,  and  a  general  improvement  took  place  until  10  P.M.,  when  the 
drilled  holes  began  to  clog,  so  that  the  cinder  arch  had  to  be  opened 
in  orvler  to  heave  out  again,  as  had  been  done  at  6  p.m.  previously. 
In  two  hours  an  immense  amount  of  material  had  been  blown  out, 
and  No.  6  tuyere  was  in  good  shape.  No.  2  was  full  of  cinder, 
occasioned  by  stopi)ing  to  close  up  the  cinder  arch.  That  was  taken 
down  and  cleaned  (with  the  wind  on  No.  6),  and  blast  put  on  it. 
From  midnight  until  morning  No.  5  opened  itself,  and  cinder  broke 
out  of  the  south  cinder  arch.  At  7  a.m.,  18th,  No.  1  tuyere  was 
opened,  and  at  2  p.m.,  No.  3.  Five  tuyeres  were  now  at  work. 
The  back  one — No.  4 — was  alhnved  to  remain  closed  several  days, 
as  the  stock  settled  fastest  over  that  tuyere.  The  furnace  was  again 
treated  as  blown  out  and  filled  as  before,  and  has  worked  very 
smoothly  up  to  the  present  time. 

It  will  be  noticed  that,  in  the  first  case,  the  material  in  the  crucible 
was  nearly  all  coal,  with  nothing  to  melt  with  it,  and,  in  the  second, 
cinder  and  lime,  and  no  coal  to  melt  it. 

Giant  powder  has  been  used  in  one  other  instance.  Three  months 
ago  the  brickwork  became  entirely  removed  from  behind  the  iron 
dam  plates,  so  that  iron  could  not  be  kept  in,  and  of  course  the  iron 
and  cinder  came  forward  and  chilled  on  the  front.  The  dam  plates 
were  taken  dov/n,  and,  by  means   of  shallow  holes  from  6  to   10 
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inches  deep,  a  "drift"  was  driven  into  the  front  the  whole  surface 
of  the  dam,  so  that  one  course  of  bricks  could  be  laid.  The  holes 
were  much  above  a  red  heat,  and  one  shot  in  the  bottom  tapped  out 
iron.  Twenty-six  shots  were  required,  using  from  J  to  J  pound 
giant  powder  each.  In  this  instance  pine  cartridge  cases  were  used, 
made  by  boring  out  holes  in  pine  plugs.  In  some  cases  the  wood 
was  not  over  y'gth  of  an  inch  thick,  and  no  clay  was  used.  Gener- 
ally the  fuses  were  fired  before  the  cartridges  were  put  in  the  holes, 
— much  the  safest  plan, — while  the  tamping  consisted  of  a  shovelful 
of  sand  thrown  against  the  hole. 

In  conclusion,  whatever  doubt  may  exist  as  to  the  benefit  derived 
from  the  high  tuyere,  none  need  be  felt  about  the  effect  of  the  explo- 
sion, as  that  and  nothing  else  did  or  could  have  saved  the  furnace. 
The  boshes  and  crucibles  are  known  to  have  been  cut,  as  shown  by 
dotted  line  B  C,  for  at  least  eighteen  months. 


A  COMPARISON  OF  CERTAIN FOBMS  OF  PORTS  FOR  STEEL- 
MELTING  FURNACES, 

BY  P.    BARNES,   SPRINGFIELD,   ILLINOIS. 

The  object  of  this  paper  is  to  make  a  brief  comparison  of  the  out- 
lines of  several  forms  of  ports  for  steel-melting  furnaces,  in  reference 
chiefly  to  the  proper  mixture  of  the  gas  and  air,  and  to  the  direction 
in  which  the  flame  is  thrown  down  into  the  interior  of  the  furnace. 

In  the  illustrations  on  the  accompanying  plate.  Fig.  1  shows  a 
form  of  port  designed  by  M.  Pernot,  of  St.  Chamond,  France.  This 
is  used  with  the  dome  roof  preferred  by  him  for  the  revolving  bot- 
tom that  bears  his  name.  From  No.  1  has  been  derived  No.  2.  This 
is  shown  on  the  plans  of  Mr.  A.  L.  Holley,  and  from  them  three 
large  furnaces  have  been  built  and  put  into  operation  by  the  Spring- 
field Iron  Company.  Fig.  3  shows  an  outline  proposed  by  Messrs. 
Richmond  &  Potts  for  the  Pernot  furnace.  In  this  the  ports 
are  brought  in  under  an  arched  roof  of  nearly  the  ordinary  form, 
instead  of  over  the  top  of  the  roof,  as  with  the  dome  of  M.  Pernot. 
Fig.  4  shows  a  furnace  as  built  by  Krupp,  of  Essen,  Prussia,  for 
fluid  refining,  or  "  washing" — to  use  the  briefer  French  term.  In 
this  the  gas  and  air  come  into  contact  in  broad  sheets,  one  above  the 
other.     Fig.  5  shows  the  form  used  by  Messrs.  Richmond  Sl  Potts 
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in  recent  drawings  for  a  furnace  with  a  fixed  bottom.  Fiiz;.  G  shows 
a  plan  of  Mr.  S.  T.  WeHman,  of  Cleveland,  Ohio,  for  a  similar  fixed 
furnace. 

These  outlines  are  all  taken  from  plans  prepared  for  a(.'tual  con- 
struction, and,  though  they  may  not  be  absolutely  like  any  given 
furnace,  they  nevertheless  represent  accurately  the  different  views  of 
men  of  experience  and  good  judgment.  The  outline  of  the  porthole 
in  Fig.  2,  in  the  dome  roof,  hns  been  made  more  nearly  a  semicircle, 
but  in  other  respects  Fig.  2  shows  the  arrangement  now  in  actual  use. 

In  general  terms  the  office  of  these  ports  may  be  stated  to  be,  (1), 
to  lead  the  gas  and  air  to  the  point  or  place  of  actual  contact  or  mix- 
ture; (2),  to  cause  their  intimate  mixture,  and  hence  their  complete 
combustion  ;  (3),  to  direct  the  resulting  column,  or  body  of  flame, 
downward  at  the  most  effective  angle  on  to  the  bed,  or  tiic  contents 
of  the  furnace;  and  (4)  (secondarily),  to  lead  away  the  waste  gas,  and 
thus  by  absorption  of  the  waste  heat,  to  aid  in  regeneration  at  each 
reversing.  Of  these  points  only  2  and  3  call  for  sj)ecial  considera- 
tion in  this  pa})er. 

It  is  probable  that  this  complete  and  intimate  mixture  is  more 
fully  promoted  by  causing  the  streams  of  air  and  gas  to  strike  each 
other  forcibly,  as  in  Fig.  2,  than  by  the  more  quiet  diffusion  of  their 
currents,  as  in  Fig.  3  ;  and  the  difference  between  Figs.  2  and  3,  in 
this  respect,  is  remarkable.  It  is  certain  that  they  must  strike  each 
other  from  the  shar[)  convergence  of  the  horizontal  portways  through 
Avhich  they  pass,  and  the  needful  velocity  may  always  be  derived 
from  the  gas  cooling-tube  leading  from  the  producers,  and  also  from 
the  simple  draft  of  air  upward  through  the  hot  regenerator.  The 
inclosed,  though  ample  space,  in  which  the  mixture  actually  occurs, 
insures  a  complete  whirl  or  reverberation,  which,  in  all  furnaces,  is 
so  effective  a  means  of  promoting  combustion.  By  the  inch)sing 
port-walls  the  combined  jet,  or  column  of  flame,  is  thrown  almost 
vertically  down  on  the  bath  of  metal,  or  on  to  the  bottom  of  the 
furnace,  before  the  metal  is  charged.  This  necessity  of  giving  a 
sharp  downward  pitch  to  the  flame  has  been  more  fully  recognized 
of  late  years  than  formerly  ;  and,  to  those  familiar  witii  the  subject, 
the  difference  between  Fig.  5  and  the  earlier  forms  of  roof  for  a 
fixed  furnace  in  this  respect  will  be  very  apparent.  From  the 
actual  use  of  one  of  the  Pernot  furnaces,  as  shown  in  Fig.  2,  for 
a  considerable  time  by  the  Springfield  Iron  Company,  it  would 
seem  that  there  is  but  little  reinainino;  to  be  desired  in  its  work- 
ing  in  respect  to  items  2  and  3. 
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It  appears  quite  certain  that  by  this  direct  and  strong  impinge- 
ment of  the  flame  body  npon  the  revolving  bottom  (which  may  very 
properly  be  compared  to  the  effect  of  a  blowpipe)  a  considerable  gain 
may  be  made  in  the  time  required  for  melting.  Tliis  occurs,  too, 
without  any  excess  of  waste  by  the  oxidation  of  the  metal.  By  the 
revolution  of  the  furnace  bottom  a  fresh  portion  of  the  surface  of 
the  pile  of  pig  iron  or  scrap  is  brought  at  each  moment  under  the 
flame  jet;  and,  as  this  direct  exposure  is  but  for  a  very  brief  space 
of  time,  it  is  believed  that  a  much  higher  average  temperature  can 
be  maintained  in  the  furnace  while  melting  than  with  the  non- 
rotatin<>"  bottom,  in  which  the  softenino-  metal  must  lie  constantly  in 
the  same  position  in  reference  to  the  incoming  flame.  It  is  also 
certain  that  quite  an  important  saving  in  the  intensity  of  the  heat 
thrown  upon  the  roof  may  be  made  as  an  indirect  result  of  this  posi- 
tive deflection  of  the  flame  u{)on  the  mass  of  metal.  Hence  the 
durability  of  the  roof  is  largely  promoted  even  after  it  has  become 
considerably  wasted.  This  saving  is  promoted,  too,  by  the  com- 
parative ease  of  repair  of  the  cover  and  end  of  the  port  space  by 
which  this  deflection  of  the  flame  is  effected,  even  up  to  the  limit  of 
endurance  of  the  roof  This  general  convenience  of  repair  of  the 
Pernot  roof  has  already  been  amply  described  by  Mr.  Holley  in  a 
recent  paper  read  before  the  American  Institute  of  Mining  Engi- 
neers.* 

Another  point  worthy  of  mention  is  that  if  the  roof  and  ports 
both  are  badly  worn,  so  that  an  incomplete  mixture  of  the  gas  and 
air  occurs  in  the  port  space  above  the  dome,  there  yet  remains  the 
definite,  and  (when  the  furnace  is  very  hot)  an  almost  violent,  con- 
tact of  the  combined  column  of  gas  and  air  with  the  hot  surface  of 
the  metal,  to  promote  and  maintain  the  needed  complete  combustion, 
and  the  consequent  high  temperature. 

It  would  also  seem  certain  that  the  form  of  port  shown  in  Fig.  2 
is  as  eflective  a  means  as  any  could  be  of  counteracting  the  loss  of 
heating  power  due  to  a  rise  of  the  roof  from  the  expansion  of  the 
material  used  in  it.  While  the  deflecting  tendency  of  this  form  of 
port  cannot  be  effective  beyond  a  certain  limit,  yet  it  is  probable  that 
it  lies  considerably  within  the  limit  of  the  distortion,  or  wasting 
away,  of  any  roof  likely  to  be  used.  Experience  seems  to  show, 
also,  that  even  though  the  entering  flame  takes  the  form  of  a  solid 
jet,  rather  than  that  of  a  broad  sheet,  no  trouble  need  be  found  in 

*  Ti-ansactions,  vol.  vii,  p.  241. 
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keeping  the  furnace  oompletely  filled  with  gas,  so  long  as  an  effective 
head  is  maintained  at  the  producers,  and  the  regulating  valves  and 
damf)er  are  skilfully  handled.  It  is  true  that  the  furnaces,  of  which 
parts  are  shown,  are  not  all  exactly  of  the  same  size,  but  they  are 
nearly  so,  and  all  are  of  large  capacity,  Figs.  1  and  2  being  fully 
equal  to  melting  eighteen  to  twenty  tons  at  one  heat.  Hence  the 
details  shown  may  be  very  properly  taken  as  comparable  with  each 
other,  and  also  as  worthy  of  careful  study  for  economy's  sake. 

It  is  hardly  needful  to  say  that  the  considerations  thus  advanced 
are  probal)ly  identical  with  those  upon  which  this  form  of  con- 
struction was  reiisoned  out  and  developed  by  M.  Pernot  some  four 
or  five  years  ago.  It  is  true,  however,  that  comparative  criticism, 
even  of  useful  and  successful  details  of  construction,  may  often  lead 
to  further  improvement  by  a  statement  of  the  principles  involved 
and  the  steps  tracked  in  their  development.  The  interest  of  the 
Springfield  Iron  Company  in  a  critical  examination  of  such  details 
may  be  inferred  from  the  fact  that  they  have  in  actual  use,  for  heat- 
ing and  melting,  fourteen  gas  furnaces  (nine  being  of  the  largest 
size)  and  forty-eight  gas  producers.  Theirs  is  one  of  the  largest  plants 
of  this  kind  of  gas  apparatus  in  the  country  at  the  present  time. 


A  SHOBT  BLAST  AT  THE   WAEWICK  FUBNACE,  PENN- 
SYLVANIA, 

BY  JOHN  BIRKINBINE,  PHILADELPHIA. 

For  two  years  past  the  Warwick  Furnace,  at  Pottstown,  Pa., 
has  attracted  attention  by  the  remarkable  work  done  in  it,  and  a 
statement  giving  details  of  its  operation  and  the  unexpectedly  short 
blast  of  1880  will  be  acceptal)le  to  every  member  who  studies  blast- 
furnace practice.  There  are  so  many  interesting  features  in  con- 
nection with  this  blast,  and  so  much  to  be  learned  from  investigating 
it,  that  the  results  of  a  thorough  examination  are  offered  to  the 
Institute  smis  tlieories.  In  collecting  the  information,  the  courtesy 
of  the  various  officers  of  the  Warwick  Iron  Company  was  of 
material  advantage,  every  facility  for  investigation  being  extended 
and  an  inspection  of  records  being  kindly  permitted. 

In  the  following  description  these  authoritative  data  are  given  in 
full  where  practicable,  without  making  the  paper  too  prolix,  and  the 
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MTiter  acknowledire-s  his  indebteclness  to  tlie  manaorer  for  informa- 
tion  supplied,  and  only  claims  for  himself  the  collection  and  arrange- 
ments of  the  facts  so  as  to  be  of  service,  together  with  personal  ob- 
servations verifying  the  same  as  far  as  could  be  done  after  the  furnace 
had  been  emptied  : 

The  furnace  was  built  in  1875-76,  and  first  blown-in  in  April, 
1876.  Prior  to  1878  no  extraordinary  product  was  made  from  it,  the 
best  week's  work  being  189.5  gross  tons.  The  stack  is  16  feet  bosh 
and  55  feet  high,  constructed  of  brick  banded  with  iron.  Blast  is 
supplied  by  a  vertical  noncondensing  engine,  with  air  cylinder  96 
inclies  di'ameter;  steam  cylinder,  48  inches  diameter  and  7  feet 
stroke,  and  heated  in  two  iron-pipe  hot  ovens,  one  with  24  the  other 
with  20  n  P'P^^j  ^^^  aggregate  heating  surface  being  3600  square 
feet.  Steam  is  generated  in  six  cylindrical  boilers,  48  inches  in 
diameter  and  70  feet  long,  and  one  tubular  boiler.  The  furnace  is 
blown  with  six  tuyeres. 

Tn  the  latter  part  of  1877  the  furnace  was  remodelled  from  plans 
furnished  by  Mr.  P.  L.  Weimer,  engineer,  and  placed  under  the 
management  of  Mr.  Edgar  S.  Cook.  No  changes  were  made  in  the 
features  of  the  plant  except  the  stack,  the  engine,  hot  blast,  boilers, 
etc.,  remaining  as  before.  The  proportions  of  the  stack  (or  lines) 
were  arranged  to  suit  the  requirements  of  the  furnace,  which  makes 
mill  iron  a  specialty,  and  adapted  to  the  ores  to  be  used.  On 
December  29th,  1877,  the  furnace  was  blown-in,  and  the  blast  con- 
tinued for  105  weeks,  during  which  time  37,400  tons  (2268  pounds) 
of  pig  iron  were  made,  an  average  of  356.2  tons  per  week.  The 
consumption  of  coal  for  the  blast  (anthracite  only  being  used)  aver- 
aged 1.2875  tons  (2240  pounds)  per  ton  of  iron,  including  the  fill- 
ing of  the  furnace.  The  ores  used  averaged  45.9  per  cent.,  and 
0.6875  gross  tons  of  limestone  were  required  per  ton  of  pig  iron. 
During  this  blast  the  monthly  maxima  and  minima  were: 

Tons  of  pig  iron  made,         .... 
Tons  of  anthracite  per  ton  of  iron, 
Yield  of  ore  in  furnace,  per  cent., 

The  record  of  this  blast  exhibits  a  remarkable  uniformity  in  all 
the  operations  up  to  the  last,  when  the  furnace  was  forced  to  blow- 
out, as  the  lining  had  so  worn  away  that  part  of  the  backing  fell  in. 
The  full,  irregular  lines  on  Fig.  1  on  the  accompanying  plate  ex- 
hibit the  shape  of  the  furnace  at  the  close  of  this  blast. 

The  operation  of  the  plant  had  been  so  satisfi\ctory  that  the  stack 


1728  5 

1143.5 

L875 

1.2125 

47.4 

42.5 

SHORT  BLAST  AT  THE  WARWICK  FURNACE,  PENNSYLVANIA.       53 


Feet. 

Indies 

7 

5 

8 

6 

IG 

0 

21 

6 

10 

0 

7 

0 

55 

4 

was  relined  to  the  same  shape  as  before,  which  is  shown  on  Fif^.  1 
by  the  straight  dotted  lines.  Tlie  principal  dimensions  were  as 
follows : 

Diamotor  of  crucible, 
Height  of  crucible, 
Diamoter  of  bosh,  . 
Height  of  boi-h  from  bottom,  . 
Diameter  at  stock  line,  . 
Diameter  of  bell,     . 
Total  height  of  furnace. 

Six  tuyeres — centres  5  feet  from  bottom. 

On  March  27th,  1880,  the  furnace  was  again  blown-in  and  con- 
tinued to  work  uniformly  and  regularly  up  to  June  4th,  1880,  when 
it  went  out  of  blast  under  such  peculiar  circumstances  that  a  recital 
of  its  working  and  a  description  of  its  stoppage  in  detail  will  doubt- 
less present  many  facts  of  interest  to  blast-furnace  managers.  During 
this  short  blast — less  than  ten  weeks — 3777J  gross  tons  of  pig  iron 
were  made. 

To  permit  of  a  better  understanding  of  the  details  of  operation, 
the  following  synopsis  of  the  working  of  the  furnace  is  given  :    It 

RECORD    OF    WARWICK    FURNACE    BLAST   OF    1880. 
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will  be  noticed  that  the  average  revolutions  of  the  engine  and  the 
pressure  of  blast  varies  within  narrow  limits,  and  that  the  coal  per 
ton  of  iron  is  very  uniform,  and  is  remarkably  low,  considering  the 
yield  of  the  ores.     The  consumption  of  air  per  ton  of  iron  and  per 
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])Ound  of  fuel  remains  nearly  constant.  (In  each  case  the  amount 
of  air  is  calculated  from  the  number  of  revolutions  of  engine  per 
nunute,  less  stoppages,  no  other  deductions  being  made.)  No  white 
iron  was  made;  after  the  first  three  weeks  the  furnace  was  main- 
tained on  its  specialty,  mill  iron.  The  temperature  of  the  gas  at 
the  tunnel  head  was  low  and  the  charges  settled  regularly.  All 
these  facts  lead  to  the  conclusion  that  the  furnace  operated  with  great 
uniformity,  that  the  large  yield  was  not  necessarily  obtained  by 
undue  forcing,  and  that  the  sudden  stoj)page  cannot  be  accounted 
for  by  the  record  of  the  working  of  the  furnace. 

The  method  of  calculating  the  cubic  feet  of  air  from  the  average 
revolutions  is,  of  necessity,  not  exact.  The  iron  is  graded  as  No.  1 
and  No.  2  foundry,  No.  2  and  No.  3  mill,  gray  mottled,  white 
mottled,  and  white.  The  percentage  of  coal  to  ore  represents  the 
pounds  of  fuel  consumed  for  each  100  pounds  of  ore  smelted. 

The  first  week  is  omitted  from  the  table  except  as  to  the  iron 
made,  as  no  details  could  be  worked  out,  owing  to  the  filling  of  the 
furnace  and  to  the  time  occupied — six  days.  For  similar  reasons 
the  last  day  of  blast,  being  incomplete,  is  not  included  in  the  details, 
the  figures  being  worked  up  for  the  five  days  only. 

As  a  means  of  throwing  more  light  upon  the  subject  of  the  be- 
havior of  the  furnace,  some  analyses  of  cinder  are  given.     These 
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First  fliisli  of  cinder  in  blast,  March  28,  1880 

Average  of  2il,  M,  4th,  and  5th  flushes  of  blast, 
March  28,1880 

Averaue  of  all  flushes,  a.m.,  March  29,  1880 

*Avcrage  of  all  fliislies,  p.m.,  March  29,  1880 

Average  of  all  fluslies,  March  31,  1880 

Average  of  all  flushes,  April  Lt,  ISSO 

Average  of  all  flushes,  a.m.,  April  19,  1880 

Average  of  all  flushes,  p.m.,  April  19,  1880 

Average  of  all  flushes.  May  1,  1880 

AverHge  of  all  flushes.  May  18,  1880 

Average  of  ail  flushes,  .June  1,  1880   

fAvenige  o)  cinder  made  during  May  and  up  to 
•Tune  4,  1880,  including  last  flush  made  in 
hlast 
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*  Different  mixtures  of  ores  working  a.m.  and  p.m. 

t  Tliis  analysis  was  made  from  samples  of  the  various  fltishes.  taken  bv  direction  of  the 
manager  and  ntaiued. 

The  iron  was  not  separated  from  the  alumina  in  the  analyses,  there  being  but  a  trace 
present. 


show  a  uniformly  well-fluxed  cinder,  and  an  inspection  of  the  dump 
bank  verifies  the  analyses,  and  shows  little  or  no  change  in  physical 
character.     The   composition   is   such  as  would    not  encouraire  the 
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belief  that  they  would  severely  sconr  and  rapidly  destroy  the  fire- 
brick lining;  nor  that  they  would  cause  any  impediment  to  con- 
tinuous, regular  work.  As  will  be  seen  by  the  extracts  which  follow, 
the  cinder  remained  quite  constant  in  character  up  to  and  including 
the  last  flush  run. 

As  this  description  would  be  incomplete  without  some  mention  of 
the  ores  used,  the  following  analyses  are  given.  They  are  approxi- 
mate averages  taken  from  a  lar2:e  number  of  each  ore.  Durino;  the 
blast  a  variety  of  mixtures  were  used,  but  an  average  was : 


.30  per  cent.  Boyertown  mngnotic,  roasted. 

10  per  cent.  Cornwall  niaijnetic, 

20  per  cent.  JMourtown  lieinatite,  )  ^         .     . 
.r.  T^,  ,  ;•  2  vurieties, 

10  per  cent,  r  lourtown  hematite,  1 

10  per  cent.  Lancaster  Courity  hematite,     . 

10  per  cent.  Siesholtzville  magnetic,   . 

10  per  cent,  puddle  cinder,  .... 


,  Analysis  A 
Analysis  II 
j  Analysis  C 
\  Analysis  D 
.  Analy.-is  E 
.  Analysis  F 
.     Analysis  G 


A 

B 

c 

D 

E 

F 

G 

Silica 

W.5 
8.0 

10.^) 
4.7 

4:10 
0.1 
2.0 

15.0 
4.0 
8.5 
5.5 

48.0 

"s's 

24  0 
4.5 
0.5 
1  0 

42  0 
03 

1.3.0 
3.5 
0.5 
1.0 

45.0 
0.3 

2fi.5 

11.0 

1.4 

1.8 

35.7 

0.15 

11.0 
(5.0 

14.fi 
6.8 

30.0 
0.08 

"i'.s 

21.0 
6.0 
1.0 
1.5 

55.0 
1.5 

A  ill  111  ill  a 

Lime 

Mafrnosia 

Metallic  iion 

Pliosplioius 

Sulphur 

Waugauese 

The  furnace  was  given  charges  based  on  2000  pounds  of  coal. 
Anthracite  coal  only  was  used,  of  "steamboat"  size,  no  coke  or 
other  fuel  being  at  any  time  charged  into  the  furnace.  The  burden 
of  ore  ranged  from  3200  to  3700  pounds,  the  average  percentage  of 
limestone  to  ore  being  35. 

To  describe  the  operation  of  the  furnace  and  its  behavior  at  the 
close  of  the  blast,  the  following  extracts  from  the  furnace  diary, 
made  by  permission  of  Mr.  Cook,  are  given  verbatim.  iVs  these 
records  were  made  several  times  a  day,  they  give  a  statement  of  the 
circumstances  existing  at  the  time  of  making  the  entries.  The 
entries  preceding  those  given  were  of  similar  character: 

"  Sunday,  May  30th,  A.M. — Revoluti(ms,  12;  pressure  at  furnace, 
7  to  7 J  pounds;  blast,  800  to  850  degrees;  cinder,  fair  gray,  hot, 
and  fluid;  gas  gray,  burns  hot,  and  good  ;  stock  settles  even  and 
regular;  pressure  regular ;  filled  41  charges. 

"Sunday,  p.m. — Revolution^;,  12;  pressure,  7 J  pounds,  regular ; 
blast,  850  degrees  ;  cinder,  fair  gray,  hot,  and  liquid  ;  gas  unchanged  ; 
stock  settles  regular  and  even  ;  filled  40  charges;  made  in  24  hours 
581  tons— 14  No.  2,  44i  No.  3. 
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"Monday,  A.M. — Stopped  74  minutes  to  put  in  tuyere;  revolu- 
tions, 12;  ])ressure,  7  to  7J,  regular;  blast,  800  to  850  dec^rees ; 
cinder,  crray,  hot,  and  fluid;  gas  good  ;  stock  settles  even  and  regu- 
lar; filled  36  charges. 

"Monday,  p.m.— Revolutions,  12  to  121;  pressure,  7  to  7 J,  regu- 
lar; blast,  850  degrees;  cinder  and  gas  unchanged;  stock  settles 
even  and  regular;  filled  42  charges;  made  55 J  tons  No.  3 ;  fair 
gray  and  strong. 

"  Tuesday,  June  1st,  a.m. — Revolutions,  12  ;  pressure,  7J,  regular; 
blast,  850  degrees  ;  cinder  sharper;  runs  hot  and  liquid  ;  gas  good 
and  hot ;  stock  settles  even  and  regular  ;  filled  40  charges. 

"  Tuesday,  p.m. — Pressure  7J  up  to  midnight,  8J  after  midnight ; 
blast,  850  to  800  degrees ;  cinder  sharp;  was  much  grayer  toward 
morning;  gas  gray  and  hot;  settles  even  and  regular;  filled  39 
charges;   made  59  tons  No.  3  iron,  fiiir  gray  and  very  strong. 

"  Wednesday,  June  2d,  a.m. — Revolutions,  12| ;  pressure,  8,  regu- 
lar ;  blast,  850  degrees  ;  cinder,  gray,  hot,  and  fluid  ;  gas  good  and 
strong;  stock  settles  even  and  regular;  filled  42  charges. 

"  Wednesday,  p.m. — Revolutions,  12J  ;  pressure,  8,  regular  ;  blast, 
850  degrees ;  cinder,  fair  gray,  hot,  and  good  ;  gas  gray,  ])lenty,  and 
hot;  settles  even  and  regular;  filled  42  charges;  made  60 J  tons 
No.  3,  strong. 

"Thursday,  June  3d,  a.m. — Revolutions,  12J;  pressure,  7  to  8 ; 
blast,  800  to  850  degrees  ;  cinder  good,  gray,  hot,  and  fluid  ;  gas 
gray  and  hot;  stock  settled  even  and  regular;  filled  40  charges 

"  Thursday,  p.m. — Revolutions,  12  ;  pressure,  7J  ;  after  midnight, 
pressure  9  ;  revolutions,  12J  ;  blast,  800  degrees  ;  cinder,  good  gray, 
hot,  and  fluid  ;  gas  gray  and  good  ;  settles  even  and  regular;  filled 
43  charges;  made  57  tons  iron— 27J  No.  2,  291  No.  3." 

These  quotations  from  the  diary  are  given  at  length  to  exhibit  in 
detail  the  action  of  the  furnace,  which  shows  no  unhealthy  condi- 
tion, but  rather  presents  a  more  than  average  regularity.  Particular 
attention  is  invited  to  further  extracts: 

"  Friday,  June  4th. — Revolutions,  12  ;  pressure  varied  from  8  to  9 ; 
blast,  850  to  900  degrees;  cinder  sharp,  run  hot  and  fluid.  From 
8  a.m.  to  2  P.M.  stock  settled  only  with  flushes,  when  the  blast  was 
slackened,  making  pressure  irregular;  did  not  make  any  heavy 
jumps.  After  2  p.m.  cast,  blast  regular;  settled  no  more  at  than 
between  flushes;  stock  level  on  top  all  day  ;  gas  good  and  abundant. 
After  2  r.M.  cast,  cinder  was  grayer;  filled  40  charges. 

"Friday,  p.m. — After  7  p.m.  the  pressure  suddenly  rose  from  9 
to  12  pounds,  with   blast  on  furnace;  continued  to  drive  fast  and 
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regularly  ;  no  irregular  settling ;  gas  abundant,  hot,  and  good  gray  ; 
did  not  affect  the  melting;  pressure  gradually  fell  "to  9  pounds. 
Cast  at  8  P.M.,  14  tons  good  No.  3  iron  ;  started  up  all  right  after 
cast;  revolutions,  12;  pressure,  8J  pounds;  blast,  850  degrees; 
settled  regularly  and  evenly;  gas  abundant  and  good;  cinder  well 
fluxed,  fair  gray,  hot,  and  fluid.  Made  60  tons  iron — 8  tons  No.  2, 
52  tons  No.  3." 

These  notes  were  made  from  personal  observations  of  the  man- 
ager, who  remained  at  the  furnace  until  the  second  flush  after  cast, 
about  11.30  PM.  He  was  called  to  the  furnace  again  at  2.30  a.m., 
and  the  following  notes  were  made  from  information  obtained  from 
the  night  boss,  founder,  and  top-filler: 

"  Previous  to  the  third  flush  after  cast  (about  1  A.M.,  Saturday), 
while  the  blast  was  on  the  furnace,  the  pressure  suddenly  rose  from 
8|  pounds,  the  engine  slackening  until  it  barely  passed  its  centres, 
the  gauge  showing  14  pounds  pressure;  no  gas;  tuyeres  bright; 
the  stock  at  tunnel-head  made  no  jump;  was  settling  regularly,  but 
while  the  pressure  was  increased,  it  slowly  and  gradually  settled 
about  a  foot  and  then  stopped.  On  flushing,  the  cinder  was  fair 
gray,  well  fluxed,  flowing  hot  and  fluid,  clearing  the  tuyeres  per- 
fectly. After  closing  cinder-notch  and  starting  up  again,  two 
tuyeres  were  found  to  be  closed  ;  no  cinder  in  the  pipes,  but  just  at 
the  nose  of  the  tuyeres  a  semi-liquid  or  mushy  mass  stopped  the 
openings.  Preparations  to  cast  were  at  once  made;  after  this  flush 
gas  was  made  for  a  few  minutes  and  then  ceased  altogether,  the 
stock  at  the  top  making  another  gentle  slide  of  between  one  and  two 
feet.  There  was  no  jar  or  sudden  movement.  By  opening  an  air 
escape  on  receivers,  the  engine  was  barely  kei)t  moving,  the  pressure 
by  gauge  showing  14  pounds.  About  2  o'clock  9 J  tons  mottled 
iron  was  run,  it  and  the  cinder  being  hot  and  fluid.  After  blowing 
some  minutes,  the  other  four  tuyeres  were  tried  and  found  perfectly 
free  from  any  signs  of  cinder.  When  the  engine  was  stopped  these 
four  tuyeres  closed  at  the  nose  with  the  same  half-fused  material  as 
had  forced  its  way  into  the  two  first  mentioned." 

At  this  time  Mr.  Cook  arrived  at  the  furnace,  and  the  following 
is  the  result  of  his  personal  observations: 

^' On  removing  the  caps  no  cinder  whatever  was  found  in  the 
pipes;  the  nozzles  were  about  4  inches  from  the  nose  of  the  tuyere, 
and  this  space  was  filled  w'ith  the  lialf-fused  material.  On  chipping 
this  out  it  was  found  to  consist  of  a  mixture  of  fused  iron,  spongy 
fire-brick,  and  some  slag.  When  a  tuyere  was  withdrawn  a  mass 
of  this  material  was  found,  and  it  appeared   to  have  been  scraped 
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down  from  the  walls  of  bosh  and  crucible  by  the  pressure  from  above 
and  forced  into  the  tuyeres,  as  described.  After  the  tuyeres  were 
opened  the  engine  was  started,  but  could  only  be  kept  moving  by 
opening  an  escape  valve  or  receiver,  as,  under  a  pressure  of  14 
pounds,  it  was  impossible  to  force  any  air  through  the  furnace, 
although  the  tuyeres  kept  open  and  were  bright  red.  A  continuous 
effort  to  force  blast  into  the  furnace  was  made  during  the  day  with 
the  same  result.  There  were  no  signs  of  melting  and  no  gas  was 
made,  nor  was  there  any  evidence  of  any  blast  passing  through  the 
furnace.  On  several  occasions  a  3-inch  bar  was  forced  through  each 
tuyere  to  the  centre  of  the  furnace,  and  a  IJ-inch  bar  was  easily 
driven  from  cinder  and  iron  notches  to  the  centre  of  the  furnace  and 
to  the  opposite  walls.  Considering  any  further  use  of  fuel  under 
the  boilers  useless,  the  engine  was  stopped  on  Saturday  evening, 
June  5th,  thus  ending  the  blast,  the  last  15  hours'  blowing  having 
given  no  results  whatever,  and  the  blast  having  practically  ended 
at  2  A.M. — less  than  two  hours  after  the  first  serious  indication  of 
trouble,  and  within  18  hours  from  the  time  that  the  slightest  inti- 
mation was  given  of  any  irregularity  of  working,  which  passed  away 
12  hours  before  the  trouble  commenced." 

We  see  from  the  extracts  from  the  diary  that  the  operation  of  the 
furnace  during  the  last  six  days  of  the  blast  was  entirely  satisfac- 
tory, and,  with  the  exception  of  six  hours  of  slightly  varying  pres- 
sure and  settling,  there  was  no  possible  notice  of  irregularity  of 
operation.  Even  had  an  attempt  to  alter  the  burden  been  made,  it 
would  have  been  of  no  assistance,  as,  at  the  rate  the  furnace  was 
driving,  28  hours  would  have  been  required  to  effect  it.  At  the 
time  of  stopping  the  burden  was  3570  pounds  ore  to  2000  pounds 
anthracite,  which  was  about  the  same  as  had  been  carried  for  the 
two  weeks  previous. 

On  Monday  morning  work  was  commenced  on  cleaning  out  the 
furnace.  The  stack  was  full  to  within  5  feet  of  the  stock  line.  A 
hole  was  cut  through  the  brickwork  of  boshes  about  8  feet  above 
the  tuyeres,  through  which  the  stock  in  good  condition  rolled  freely, 
being  composed  of  clean  hot  coal  and  limestone,  then  lumps  of  ore. 
When  the  slope  of  the  stock  was  such  that  it  did  not  roll  freely, 
water  was  sparingly  used  to  wash  it  down,  and  yet  not  injure  the 
brickwork,  in  hopes  that  no  repairs  would  be  required.  AVhen  the 
stock  in  the  well  of  the  crucible  was  partly  removed,  an  arch  was 
found  to  have  formed  across  the  furnace  at  the  top  of  the  tuyeres 
which  had  supported  the  stock.    This  arch  was  composed  of  dry  stock. 
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coal,  and  limestone  in  small  pieces,  and  a  heavy  black  powder,  evi- 
dently reduced  ore,  was  packed  very  tightly,  but  yielded  to  a  pick, 
and  extended  to  a  height  of  over  6  feet  above  the  tuyeres. 

No  melted  or  fused  material  was  found  anywhere  in  this  bridge, 
nor  was  there  any  chilled  iron  and  slag  below  the  tuyeres.  At  the 
level  of  and  around  the  tuyeres  iron  was  found.  AVhen  cleaned  out 
the  in  walls  were  found  to  be  in  good  condition,  with  no  indications 
of  cutting  or  irregular  action.  The  boshes  were  found  to  have  been 
destroyed  for  10  feet  above  the  tuyeres,  and  for  the  remaining  dis- 
tance partly  fused  and  cindered,  being  worn  as  shown  on  Fig.  1 
(dotted  lines).  The  destructive  action  on  the  brickwork  was  notice- 
able, a  black  slag-like  mass  having  been  formed  on  the  remnants  of 
the  blocks,  for  a  depth  of  from  3  to  5  inches ;  and  it  is  probable  that 
this  was  squeezed  into  the  tuyeres.  That  the  lower  portion  of  the 
boshes  wasted  away  early  in  the  blast  is  evident  from  a  comparison  of 
the  product  for  the  first  few  weeks  with  a  corresponding  time  in  the 
former  blast,  and  as  the  upper  portion  of  the  boshes  softened,  the 
support  for  the  stock  became  lessened,  until  finally  all  hold  was  lost, 
and  the  material  above  pressed  so  heavily  that  packing  and  jamming 
took  place  above  the  tuyeres,  rendering  it  impossible  to  force  any 
blast  whatever  through  the  white-hot  matted  mass.  There  was  no 
scaflPolded  material  found,  nor  was  there  any  evidence  of  any  accu- 
mulation havino^  existed.  Had  the  furnace  worked  sectionallv,  the 
amount  of  stock  smelted  would  have  been  greater  than  the  quantity 
of  fuel  which  the  reduced  capacity  of  the  zone  of  combustion  could 
have  consumed  ;  and  even  if  such  had  not  been  the  case,  a  scaffold 
on  one  side  would  have  protected  the  walls  behind  it  and  worn  the 
other  badly;  but  the  measurements  taken,  as  well  as  the  appearance 
of  the  boshes,  show  a  remarkable  uniformity  by  the  manner  in 
which  they  cut  away,  the  variations  in  measurements  on  the  same 
plane  never  exceeding  IJ  inches,  and  generally  not  over  1  inch. 
The  boshes  were  originally  32  inches  thick,  made  of  two  16-inch 
blocks.  When  the  furnace  stopped  they  were  only  from  5  to  8 
inches  for  8  to  10  feet  above  the  tuyeres,  the  inwalls  remaining  in 
good  shape  and  the  diameter  of  the  bosh  being  the  same  as  when 
blown-in.  The  bosh  was  cut  away  so  that  work  was  impossible, 
and  the  furnace  had  worn  away  in  ten  weeks  to  nearly  what  it  had 
in  two  years  in  the  former  blast ;  but  in  this  case  no  holding  ground 
was  left  for  the  stock,  the  walls  having  been  cut  to  nearer  a  vertical 
line  than  in  the  first  blast.  (See  Fig.  1.)  Fig.  2  illustrates  the 
condition  of  the  furnace  before  and  after  the  short  blast. 
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BEHOVING  SCAFFOLDS  IN  BLAST  FURNACES* 

BY   J.    P.   WITHEROAV,   PITTSBURGH,   PA. 

Mr.  Birkinbine's  description  of  the  bad  working  and  sudden 
cliilling  of  the  Warwick  Furnace  last  summer,  seems  to  me  quite 
phenomenal  in  blast-furnace  practice.  During  my  connection  with 
the  management  of  blast  furnaces  for  many  years,  in  the  anthracite, 
coke,  and  raw-bituminous  coal  districts,  such  a  case  has  never  come 
under  my  notice. 

It  seems  to  me  that  the  scaflPold  in  the  zone  of  fusion  could  not 
have  established  itself  (so  that  the  whole  power  of  the  engines,  with 
a  blast  pressure  ranging  from  12  to  18  pounds  per  square  inch, 
could  not  penetrate),  unless  the  furnace  was  previously  badly  scaf- 
folded and  bridged  in  some  of  its  upper  sections,  from  15  to  30 
feet  above  the  hearth  level,  either  in  the  zone  of  chemical  action  or 
the  beginning  of  the  zone  of  fusion.  Such  a  barrier  to  the  upward 
gaseous  currents  would  cause  a  suspension  of  combustion  which  may 
have  superinduced  the  scaffold  that  is  assumed  to  have  existed  in  the 
zone  of  fusion.  It  is  difficult  to  conceive  that  an  agglomerated  mass 
almost  across  the  section  of  the  lower  bosh  should  have  formed  all  at 
ance,  if  the  furnace  was  free  and  porous  for  tlie  reaction  of  the 
gaseous  currents  above.  Therefore,  I  think,  the  Warwick  furnace 
was  by  no  means  in  as  free,  open,  and  fine  internal  condition  at  the 
time  the  trouble  commenced  as  the  description  of  its  regular  work- 
ing would  lead  us  to  suppose. 

I  do  not  question  the  accuracy  of  the  statements  relative  to  the 
output  of  iron,  etc.  I  merely  claim  that  the  phenomena,  as  de- 
scribed, could  not  have  been  almost  instantaneously  developed, 
unless  there  had  been  an  incipient  scaffold  and  lodgment  above  the 
zone  of  fusion.  I  would  state  my  hypothesis  to  be  that  the  stock 
lodged  or  collected  in  some  of  its  upper  sections  during  the  process 
of  blowing-in,  on  which,  as  a  basis,  more  or  less  accumulations  may 
liave  lodged,  and   thus,  indirectly,  caused  the  formation  of  the  suc- 


*  Thi>  pMper  was  not  pre?ente<l  to  the  In>titiite  in  its  present  form,  but  is  based 
on  remarks,  in  di-^cnssion,  by  tlic  author  on  Mr.  Birkinbine's  paper  on  a  Short 
Blast  at  the  Warwick  Furnace,  and  Mr.  Witherbee's  paper  on  Two  Scaffolds  at 
tlio  Cedar  I'oint  Furnace. 
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ceeding  scaffold,  the  effects  of  which  have  been  so  graphically  de- 
scribed. Furnaces  frequently  have  such  lodgments,  and  when  they 
are  local  and  in  the  wider  areas  of  the  furnace  they  may  not  obstruct 
its  working;  in  fact,  they  sometimes  give  no  indication  of  their  ex- 
istence; but  when  they  extend  and  enlarge  by  the  accumulation  of 
dust,  limestone,  etc.,  developing  into  scaffolds  and  encircling  the  upper 
section  of  the  furnace,  the  position  becomes  serious,  resulting  in  a  loss 
of,  perhaps,  one-third  or  one-half  the  working  area  of  that  section, 
and  establishing  a  central  channel — a  condition  which  is  termed 
funnelled.  Should  a  heavy  fall  or  slip  of  accumulated  dust,  coarse 
lumps,  or  masses  lodge  therein,  rendering  the  same  impenetrable  to 
the  ascending  gases,  and  causing  the  mass  to  cement  and  agglomerate, 
the  condition  i<  still  worse.  This  condition  is  termed  bridi^iu":  or 
arching.  Some  such  action  and  result  may  have  taken  place  to 
produce  the  Warwick  phenomena,  because,  without  some  such  ob- 
structions preventing  the  ascent  of  the  gaseous  currents  and  arrest- 
ing their  chemical  reactions,  the  furnace  could  not  bridge  in  the  zone 
of  fusion. 

The  int(^nse  heat  and  great  energy  of  combustion  and  liquefaction 
going  on  in  this  zone  tends  to  })revent  the  establishment  of  such  a 
formation.  The  sudden  Interru})tion  of  combustion  without  some 
cause,  such  as  the  previous  establishment  of  obstructions  in  the  upper 
sections  of  the  furnace,  agreeably  with  our  hypothesis,  is  incompre- 
hensible. Mr.  Birkinblne's  paper  states  clearly  the  good  condition 
of  the  furnace,  so  far  as  the  hearth,  tuyeres,  machinery,  hot  blast 
boilers,  etc.,  are  concerned,  showing  the  trouble  was  not  due  to 
any  external  defects.  The  appearance  of  the  furnace  after  shovel- 
ling out,  showed  that  the  bosh  was  badly  cut  away,  and,  in  fact, 
as  much  worn  as  if  the  blast  had  extended  for  years,  instead 
of  a  few  weeks.  The  cutting  of  the  bosh  goes  far  to  establish 
and  support  my  hypothesis,  that  the  scaffolding  was  located  well 
above  this  cut  section  ;  in  fact,  that  It  was  the  lodgment  and  scaffold 
above  that  caused  the  rapid  cutting  away  of  the  bosh,  by  forcing 
the  ascending  gaseous  cnrrents  into  the  channels  of  least  resistance, 
thus  concentrating  their  force  on  the  sections  cut  away.  This  result 
could  not  have  been  produced  In  a  day  or  two;  it  is,  therefore,  at 
least  possible,  if  not  probable,  that  collections  formed  during  the 
blowing-in  of  the  furnace. 

Engineers  and   furnace   managers  will  differ  as  to  the  treatment 
adopted  by  Mr.  Cook,  viz.,  stopping  operations  as  soon  as  the  whole 
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power  of  the  engine  was  unable  to  force  any  blast  through  the  fur- 
nace. From  a  commercial  point  of  view  some  contend  that  when 
a  furnace  is  in  such  condition  the  wisest  and  best  plan  is  to  shut 
down,  clean  out,  and  commence  anew,  but  the  majority  of  iron- 
masters and  managers  prefer  making  a  determined  effort  to  over- 
come the  difficulties  and  restore  the  furnace  to  good  working  order. 

METHODS   OF    RESTORING   SCAFFOLDED    FURNACES. 

1.  When  a  furnace  is  scaffolded  the  first  thing  I  would  do 
would  be  to  penetrate  the  furnace  casing,  if  of  iron  plates,  or 
cut  into  the  brick  or  stone  masonry,  and  at  once  establish  a  dry 
tuyere  or  gas-pipe,  some  15  or  18  feet  above  the  hearth  level,  and, 
as  soon  as  connections  were  made  with  the  hot-blast  main,  to  inject 
all  the  blast  possible  into  the  furnace.  If  this  point  is  below  the 
scaffold,  the  blast  will  soon  cut  or  melt  its  way  through  it,  but  if  it 
is  above  the  liquefaction  and  rapid  smelting  will  soon  work  its  way 
downward  throuo:h  the  formation.  In  both  cases  this  results  in  de- 
taching  the  agglomerated  mass  from  the  brick  masonry,  and,  owing 
to  the  great  weight  of  the  superincumbent  mass,  the  whole  scaffold 
generally  gives  way. 

If  the  hearth  is  free,  machinery  good,  and  high  heats  present  in 
hot-blast  stoves,  the  furnace  is  soon  restored  to  its  normal  condition, 
and  generally  does  much  better  work  than  immediately  preceding 
the  trouble.  If  the  hearth  is  chilled  solid  up  to  or  above  the  tuyeres, 
it  will  require  a  little  longer  time,  but  the  "gobbing"  will  soon 
disappear  when  the  furnace  is  free  above  and  the  proper  reactions 
established  again  in  the  zones  of  chemical  action  and  fusion. 

In  all  furnace  plants  that  we  now  erect  we  generally  introduce  a 
number  of  tuyere  ports  from  15  to  18  feet  up  in  the  furnace  casing, 
and  encircle  the  same  with  an  8-inch  gas-pipe  having  six  distinct 
connections  with  valves  and  ball  joints,  so  that  when,  at  any  time, 
the  least  indications  of  any  collections  or  lodgments  present  them- 
selves, we  can  in  a  few  minutes  turn  on  the  blast  or  steam,  as  the 
case  may  be.  Indeed,  an  occasional  ap})lication  of  blast  for  a  short 
time  may  sometimes  destroy  the  beginning  of  such  obstructions  and 
keep  the  furnace  steadily  working.  To  have  the  full  area  of  bosh 
section  is  indispensable  to  good  working. 

2.  Another  method  adopted  is  blowing  down.  This  is  the  old 
means  resorted  to,  but  it  cannot  be  carried  out  when  the  furnace  is 
bridged  or  arched  over,  because  the  materials  above  will  remain  un- 
disturbed ;  and  if  the  arched  mass  is  impervious  to  the  gaseous  cur- 
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rents  all  the  power  of  engines  cannot  force  the  blast  througli  the 
mass.  Blowing  down,  however,  is  advisable  whenever  lodgments 
and  funnelling  exist,  and  should  generally  be  continued  until  the 
stock  level  has  descended  to  the  lower  section  of  the  zone  of  fusion. 
The  great  advantage  springing  from  such  blowing  down  consists  in 
the  freeing  of  the  walls  and  boshes  froui  all  collections.  They  are 
undermined  and  cut  away  by  the  intense  heat  developed  by  the 
reaction  of  the  gases.  Should  the  operation  be  stopped,  however, 
when  the  stock  level  has  descended  only  to  the  top  or  part  way 
down  the  boshes,  a  worse  scaffold  may  be  formed  and  left,  because 
much  dust  and  material  that  will  not  liquefy  descends.  Hence,  blow- 
ing well  down  is  indispensable  to  success,  provided  the  furnace  is 
supported  by  firebrick  stoves  which  maintain  the  heat  for  days  at 
1000°  F.  without  any  gas. 

3.  The  next  method  I  would  notice  for  dislodging  is  the  intro- 
duction of  explosive  materials  into  the  hearth,  which  we  may  term 
the  Witherbee  system.     I  will  refer  to  this  hereafter. 

4.  The  last  method  for  removing  scaffolds  that  are  impervious  to 
blast  is  the  removal  of  the  tuyeres,  opening  the  front,  and  shovel- 
ling out  the  materials  so  as  to  invite  the  formation  to  fall.  This  is 
generally  successful  when  a  furnace  bridges  at  blowing  in,  but 
seldom  when  a  scaffold  has  established  itself,  or  when,  from  any 
cause,  the  stock  has  become  an  agglomerated  arched  mass. 

Over  fifteen  years  ago  Mr.  Henry  McCormick,  of  the  Paxton 
Furnace  and  Rolling  ]\[ills,  Harrisburg,  made  a  successful  experi- 
ment on  No.  1  furnace  of  their  plant.  The  furnace  was  badly 
scaffolded,  and  his  manager  and  founder  had  exhausted  every 
means  to  restore  the  furnace  to  good  working  condition.  It  be- 
came worse  and  worse  until  the  hearth  was  filled  up  with  an  ag- 
glomerated semi-fused  mass,  which  extended  several  feet  above  the 
tuyeres,  and  no  entrance  could  be  effected  from  below  into  the  fur- 
nace. After  the  manager  and  assistants  gave  the  furnace  up  as  chilled 
past  all  hope,  Mr.  McCormick  had  his  men  drill  a  small  hole  into 
the  furnace  masonry  some  15  or  18  feet  above  the  hearth  level,  and 
introduced,  I  think,  a  2-inch  gas-pipe.  After  connection  with  the 
hot-blast  main,  blast  was  forced  into  the  furnace.  In  a  few  hours 
the  scaffold  gave  way  so  that  the  gaseous  currents  could  act.  Smelt- 
ing and  liquefaction  were  re-established,  and  the  chilled  masses  below 
were  soon  bathed  and  saturated  with  hot  liquid  iron  and  cinder.  As 
soon  as  an  opening  was  made  in  the  locality  of  the  tuyere  arches, 
the  liquid  cinder  stream  flowed  out  of  the  furnace,  the  tuyeres  were 
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soon  relieved  and  brought  into   action,  and  within  a  few  days  the 
furnace  w^as  all  right  again. 

Mr.  Samuel  Thomas,  of  Catasauqua,  related  to  me  that  when  blow- 
ing in  one  of  their  large  furnaces  the  stock  bridged  over,  and  all  the 
power  of  their  immense  engines  could  not  penetrate  the  mass,  al- 
though he  used  every  possible  means  for  days.  But  soon  after  he 
had  introduced  a  gas-pipe  communicating  with  the  boilers  and  turned 
on  the  steam  the  bridge  gave  way. 

I  think  on  two  different  occasions  the  No.  1  Lucy  Furnace  at 
Pittsburgh  had  to  contend  with  difficulties  which  were  superinduced 
by  heavy  driving  and  the  bridging  of  the  stock  in  the  upper  sec- 
tions. It  would  fall  in  large  masses  into  the  zone  of  fusion  and 
hearth,  thus  filling  them  up  and  preventing  liquefaction  in  these 
sections.  Soon  the  gas  would  cease  to  flow,  and  the  heat  in  the  iron 
hot-blast  stoves  would  go  down,  thus  impairing  the  efficiency  of  the 
blast  in  dealing  with  the  trouble.  The  blast,  therefore,  instead  of 
becoming  converted  into  carbonic  oxide  immediately  after  leaving 
the  tuyeres,  would  ascend  to  the  zone  of  chemical  action,  and,  as 
there  would  be  no  consumption  of  the  materials  below,  therefore  no 
sinkage,  the  gaseous  currents  would  react  above  and  bridge  the 
furnace;  consequently,  chilling  was  inevitable.  If  the  Lucy  had 
been  supported  with  firebrick  stoves,  and  had  introduced  the 
tuyere  or  gas-pipe  through  ports  above,  the  furnace  would  have 
been  restored  to  its  normal  condition  in  a  short  time.  I  may 
add  that  in  these  instances  the  stock  was  shovelled  out.  The  bridge 
of  material  could  not  be  dislodged  by  any  of  the  usual  appliances 
for  such  cases,  and  the  method  adopted  for  its  dislodgment  was  to 
discharge  a  gun  or  cannon,  erected  on  its  end,  within  the  furnace 
hearth.  This  was  verv  successful,  and  showed  the  nerve  of  the 
manager  and  proprietors. 

One  other  example  was  the  Dunbar  Furnace,  Fayette  County, 
Pennsylvania.  This  furnace  was  remodelled,  in  fact,  rebuilt,  un- 
der the  supervision  of  Mr.  Edmund  C.  Pechin,  engineer  and  su- 
perintendent, during  1876  and  1877.  Mr.  Pechin  made  it  one  of  the 
most  modern  of  our  large  furnaces — 20  feet  X  77  feet,  supported 
by  three  small  Whitwell  stoves.  It  was  blown-in  in  the  spring  of 
1877,  by  Mr.  A.  B.  Desaulles,  then  superintendent  and  vice-presi- 
dent. Some  weeks  after  the  furnace  was  in  successful  operation, 
owing  to  inferior  coke  or  other  causes,  it  lodged  and  bridged  some 
20  to  25  feet  above  hearth  level  on  the  upper  sections  of  the  bosh, 
and  for  five  days  they  were  unable  to  penetrate  the  stock.     Meantime 
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the  reactions  of  the  furnace  were  suspended,  the  gaseous  currents 
having  no  effect.  There  was  no  combustion  and  no  smelting;  and, 
as  a  matter  of  course,  no  gas  flowed  from  the  furnace,  so  that  no 
fuel  or  gases  entered  the  Whitwell  stoves.  Still  the  latter  main- 
tained a  heat  of  from  800  to  1000  degrees  during  the  five  days. 
At  last  the  managers  introduced  a  4-inch  gas-pipe,  and  it  was  only 
a  few  hours  from  the  introduction  of  the  blast  until  the  scaffold 
gave  way.  The  furnace  was  restored  in  a  day  or  two,  and  made  a 
blast  afterward  the  aggregate  yield  of  which  was  over  70,000  tons  of 
metal.  The  condition  of  the  Warwick  Furnace,  I  think,  must  have 
been  similar  to  that  of  the  Dunbar  Furnace. 

A  singular  case  of  wedging  and  bridging,  unlike  any  of  the  others, 
is  worthy  of  being  submitted.  The  largest  of  the  Pennsylvania 
Steel  Company^s  plant,  at  Steelton,  Pennsylvania,  was  reduced  in 
dimensions  to  17  feet  bosh,  retaining  the  same  tunnel-head  and 
10-foot  bell  as  it  had  previously.  After  blowing-in  again,  the 
working  and  outj)ut  of  iron  were  not  satisfactory.  When  the  stock 
level  was  kept  up  to  the  intended  lines  beneath  the  hopper  the  fur- 
nace would  fill  off  in  yield,  the  hearth  and  tuyeres  would  be  bright 
and  open,  but  the  stock  would  wedge  fast  on  the  zone  of  fusion. 
After  many  efforts  to  find  the  cause,  Mr.  Bent,  general  superinten- 
dent of  the  company,  lowered  the  stock  level  in  the  furnace  some 
30  to  35  feet  below  the  tunnel-head,  and  dumped  in  the  stock 
promiscuously.  Then  the  furnace  ran  up  to  100  and  120  tons 
per  day.  After  much  investigation  the  cause  was  traced  to  the 
large  lO-foot  bell,  which  was  the  cause  of  throwing  the  materials 
against  the  sides,  the  fine  materials  clinging  thereto,  and  the  coarse 
rolling  on  to  the  centre.  This  would  naturally  invite  the  whole 
volume  of  blast  to  the  channel  of  least  resistance,  and  allow  the 
fine  material  to  escape  the  contact  of  the  reducing  gases.  Thus 
the  accumulation  of  the  fine  materials  on  the  boshes  caused  the 
stock  to  wedge  in  the  centre.  I  need  not  say  that  when  the  bell 
was  adjusted  to  the  size  of  the  furnace  the  difficulty  ceased,  and 
the  furnace  commenced  a  fine  blast,  making  one  ton  of  Bessemer 
pig  with  one  ton  of  fuel.  It  is  supported  by  three  AVhitwell  stoves^,, 
18  X  55  feet. 

The  accumulation  of  dust  and  the  decrepitation  of  splint  and  an- 
thracite coals  are  frequent  causes  of  scaffolding.  As  a  general  thing 
scaffolding  is  more  frequent  in  anthracite  than  in  coke  districts.  In 
truth,  managing  anthracite  furnaces  is  much  more  difficult  than  coke 
furnaces.   When  the  hard  resonant  coke  of  Connellsville  is  the  fuel,. 
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and  the  selected  ores  of  Lake  Superior  the  mine  used  in  a  modern 
blast  furnace  supported  by  powerful  engines,  the  output  of  iron 
is  almost  without  reasonable  limit;  at  the  same  time  there  is  not 
required  the  attention,  skill,  and  experience,  or  the  metallurgical 
attainments  necessary  where  the  conditions  are  less  favorable.  The 
first  question  when  American  iron-masters  and  furnace-engineers  meet 
is,  How  much  are  you  making?  No  matter  about  the  cost.  In 
Europe  the  question  is.  How  low  have  you  got  your  fuel  ?  There 
they  will  spend  $100,000  to  economize  five  per  cent. 

There  is  no  part  of  the  world  equal  to  the  West  for  bringing 
modern  blast  furnaces  to  the  maximum  of  output.  The  quantity  of 
blast  that  can  be  propelled  into  them  is  simply  enormous.  That 
25,000  and  30,000  cubic  feet  per  minute  could  be  used  in  furnaces, 
if  wanted,  would  not  be  believed  in  the  iron  centres  of  Europe.  I 
have  in  my  possession  a  letter  from  Mr.  I.  Lowthian  Bell,  written  to 
the  late  Mr.  Thomas  Whitwell,  in  which  he  refers  to  the  amount  of 
blast  that  was  blown  into  Dunbar  Furnace  in  1878,  viz.,  20,000  feet 
per  miimte.  He  expresses  surprise  that  it  made  iron  at  all  with  such 
a  volume.  Who  can  imagine  what  a  change  must  be  coming  over 
the  dreams  of  our  Encrlish  cousins  when  furnaces  not  larger  than 
Dunbar — for  instance.  Furnace  B  of  the  Edgar  Thomson  plant — 
make  an  output  of  over  1200  tons  per  week,  and  consume  now 
30,000  feet  per  minute  !  It  may,  therefore  be  assumed  that  the 
West,  in  its  new  departure,  will  soon  take  the  lead  in  the  produc- 
tion of  the  United  States. 

Mr.  Witherbee's  paper  describing  his  methods  for  the  removal 
of  two  scaffolds  that  he  had  to  contend  with  in  the  Cedar  Point 
Furnace,  is  very  interesting.  It  would  seem  that  the  first  scaffold 
was  dislodged  by  the  introduction  of  a  tuyere  some  fifteen  or  twenty 
feet  above  the  tuyere  line.  He  was  caught  with  another  scaffold,  due 
to  the  fact  that  his  stockhouse  scales  had  been  changed  from  the 
weight  intended.  This  caused  the  furnace  to  be  filled  for  many  days 
with  a  great  excess  of  ore  and  limestone  to  the  original  charge  of 
fuel.  Mr.  Witherbee  states  that  when  this  condition  of  affairs  was 
discovered  he  reduced  the  volume  of  blast  and  increased  the  heat  in 
the  Whitwell  stoves,  but  still  was  not  able  to  master  his  furnace.  It 
scaffolded  badly,  as  a  matter  of  course.  I  think  that  reducing  the 
volume  and  pressure  of  blast  at  that  critical  moment  was  a  mistake. 
If  the  blast  had  been  maintained  and  quick  smelting  kept  up  so 
long  as  the  liquid  iron  and  cinder  would  flow  from  the  cinder-notch 
without  regard  to  the  loss  of  the  iron,  or  of  the  tapping-hole), 
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the  flow  of  gas  would  liave  been  kept  constant  for  the  Whitwell 
stoves,  and  would  have  kept  up  heat  enough  to  i)revent  the  iron 
from  getting  too  thick  to  run.  But,  conversely,  by  reducing  tlie 
blast  to  low  pressure  and  volume,  its  energies  were  lost  in  the  lower 
zones.  The  stock  became  more  compact,  and  soon  the  pressure 
ceased  to  force  the  gaseous  currents  through  the  zone  of  chemical 
action,  resulting  in  the  formation  of  the  scaffold  that  Mr.  Witherbee 
wished  to  avoid.  A  low,  light  blast  must  be  fatal  to  a  furnace  under 
such  conditions,  especially  if  supported  with  high  heats.  AVhen 
the  blast  is  superheated  the  reaction  is  almost  instantaneous  after 
introduction;  but  if  not  supported  by  volume  and  pressure,  the 
material  in  the  zones  of  fusion  and  chemical  action  will  become 
stationary,  causing  scaffolding  and  bridging,  as  seems  to  have  been 
the  case  with  the  Cedar  Point  Furnace.  However,  no  matter 
what  was  the  producing  cause,  in  the  furnace  there  existed  a  com- 
plete scaffold,  and,  after  all  else  failed,  Mr.  Witherbee  showed  the 
nerve  and  self-reliance  that  few  iron-masters  or  engineers  in  the 
United  States  possess  by  placing  in  the  seething,  red-hot  furnace 
hearth  several  charges  of  dynamite  or  giant  powder,  incased  merely 
within  a  piece  of  pine  scantling.  He  increased  each  charge  in  quan- 
tity until,  if  I  remember  right,  some  twelve  pounds  were  in  the 
last  charge.  This  brought  about  the  complete  dislodgement  of  the 
scaffold  and  filled  the  hearth  with  a  fearful  mass  of  accumulated 
rubbish;  but  the  Whitwell  stoves,  at  1700°  F.,  soon  melted  every- 
thing, when  the  furnace  became  free  above.  This  was  bold,  brave 
work,  and  should  be  called  the  Witherbee  system. 

Since  it  appears  to  be  self-evident  that  the  accumulation  of  dust, 
coming  from  what  cause  it  may,  is  one  of  the  chief  inviting  causes 
of  fully  two-thirds  of  all  the  scaffolds,  it  would  seem  that  pre- 
vention of  accumulations  would  be  the  chief  object  and  ambition 
of  the  furnace  manager  by  determining  whether  fine  material  is 
filled  with  the  stock  or  results  from  abrasion,  friction,  pressure  of 
the  superimposed  mass  in  high  furnaces,  or  pressure  of  blast.  At 
the  risk  of  being  considered  far  too  prolix,  I  would  ask  the  privi- 
le(>:e  of  submittino;  two  cases  where  the  whole  of  the  fuel  in  the 
furnace  was  almost  pulverized  into  dust,  and  the  results  of  this  state 
of  affairs. 

In  1869,  '70,  and  '71  the  writer  was  in  charge  of  the  erection  and 
management  of  the  Kingsland  or  Vulcan  Iron  Works,  St.  Louis. 
In  the  summer  of  1871  No.  2  furnace  was  remodelled,  and  in  July 
ready  for  operation.     The  new  rail   mill  was  started  and  pig  iron 
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was  required  in  large  quantities.  At  the  same  time  several  thousand 
tons  were  on  the  banks.  Although  there  was  not  enough  coke  on  hand 
for  filling  up,and  although  at  the  same  time  No.  1  furnace  was  being 
robbed  of  part  of  its  necessary  supply  ;  although  no  coke  was  on  the 
way  from  the  Pittsburgh  region,  as  the  price  was  considered  too  high, 
and  although  no  fresh  Big  Muddy  coal  arrived,  owing  to  unknown 
causes,  the  furnace  was  ordered  to  be  blown-in,  against  my  protest. 
The  fuel  on  hand  was  500  to  1000  tons  of  Brazil,  Indiana,  block 
coal.  The  coal  had  been  on  hand  for  a  considerable  time,  and  spon- 
taneous combustion  had  worked  its  w^ay  partly  through  it.  The 
furnace  continued  working  for  a  week  after  going  in  blast  up  to  its 
expected  yield,  although  only  an  occasional  barrow  of  poor  coke  was 
filled,  and  I  could  not  understand  how  such  good  results  could  come 
from  such  fuel.  This,  however,  was  soon  changed.  The  boshes 
had  become  banked  up,  after  wdiich  two  days  w^ere  only  necessary  to 
choke  the  furnace.  The  iron  changed  from  good  gray  foundry  to 
white,  and  finally  the  blast  would  not  penetrate  any  distance  above 
the  tuyeres.  After  withdrawing  tlie  tuyeres  and  allowing  the  dust 
and  fine  stock  to  be  withdrawn  in  large  quantities,  nothing  was  found 
but  dead  masses  of  dry  dust,  mixed  with  small  amounts  of  ore  and 
limestone.  The  furnace  was  choked  from  tuyere  to  top,  and  all 
efforts  were  useless,  because  no  coke  or  fresh  coal  was  on  hand.  The 
furnace  was  therefore  cleaned  out. 

Another  great  dust  scaffold  I  w^ould  mention  formed  in  the  Alice 
of  the  Etna  Iron  Works,  Ironton,  Ohio, — a  furnace  plant  less  un- 
derstood and  more  abused  than  any  other  plant  in  existence  in  the 
United  States.  The  Hanging  Rock  district  of  Southern  Ohio  has 
been  long  famous  as  a  charcoal  iron  centre,  Ironton  being  its  chief 
town.  In  1873  a  large  company  was  formed  to  erect  furnaces.  The 
chief  object  to  be  kept  in  view  was  that  the  furnaces  must  make 
iron  without  the  use  of  Connellsville  coke,  but  the  fuel  must  be 
bituminous  block  coal  in  a  raw  state,  locally  termed  ^^  stone  coal." 
To  attain  this  end,  communications  were  opened  with  many  engi- 
neers, among  whom  was  the  writer,  who  submitted  drawings  and 
practical  working  data,  together  with  the  results  of  the  Ferric  self- 
coking  furnaces  in  Scotland.  The  chemical  composition  of  the 
coals  of  that  country  and  those  of  the  Hanging  Rock  district 
were  found  to  be  almost  identical.  The  statements  of  INIr.  Ferrie 
were  not  taken  alone,  but  were  supported  by  the  actual  results 
obtained  by  Mr.  John  Hunter,  managing  director  of  the  Coltness 
Iron  Works,  after  a  two  weeks'  test.     He  submitted  in  writing,  in 
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relation  to  tlie  saving  of  fuel,  that  the  old  furnaces  required  65 
cwt.  of  coal  per  ton  of  iron,  whereas  the  self-coking  furnaces  })ro- 
duced  the  same  results  with  a  consumption  of  35  cwt.  Two  com- 
missions were,  therefore,  sent  by  the  directors  of  the  Etna  Com- 
pany— one  in  1873,  the  other  in  1874 — to  visit  Scotland.  Both 
reported  the  success  of  the  system,  and  the  Etna  Company  concluded 
to  a(.lo})t  it,  using,  at  the  same  time,  Whitwell  stoves.  A  plant  of 
two  furnaces,  18  by  87  feet,  was  accordingly  erected,  and  one  was 
finished  under  the  difficulties  resulting  from  the  great  panic.  In  the 
autumn  of  1875  the  Alice  was  completed,  and  was  blown  in  with  only 
a  small  supply  of  coke  on  hand  and  little  prospcctof  early  arrivals  of 
additional  quantities  from  Pittsburgh,  owing  to  low  water  in  the 
Ohio.  The  furnace  made  an  excellent  commencement,  but  soon  had 
to  go  on  one-third  coke  and  two-thirds  West  Virginia  splint  coal. 
As  the  coal  was  increased  the  gas-flow  lessened,  and  the  action  of 
the  furnace  and  the  output  were  impaired.  Tlie  materials  sank 
irregularly  in  the  retorts,  and  soon  would  not  move  at  all  in  some. 
The  generally  accepted  theory  was  that  the  stock  was  fast  in  the  re- 
torts, and  that  therefore  the  whole  system  was  a  failure.  I  alone, 
owing-  to  closer  observations  and  investio-ations,  thouo;ht  otherwise, 

O  O  ?  CD  ' 

but  nothing  could  withstand  the  tide  of  popular  indignation.  After 
many  other  efforts,  such  as  injection  of  steam  in  the  lower  section 
of  the  retorts,  without  any  results,  I  determined  to  open  the  ports 
some  25  feet  above  the  hearth.  Instead  of  findino;  red-hot  stock 
afljacent  to  the  bosh,  I  found  a  bank  of  coal-dust  encircling  the  bosh 
fully  6  feet  wide,  so  hard  that  it  I'equired  heavy  sledging  to  pene- 
trate it.  It  was  quite  dark  and  cold,  and  there  were  not  6  feet  of 
red-hot  stock  in  the  central  funnel  in  which  the  descending  materials 
were  wedged.  This  large  dust  formation  extended  upward  and 
downward,  and  indicated  that  a  large  proportion  of  the  fuel,  instead 
of  coking  and  furnishing  carbon  for  the  furnace,  had  pulverized  and 
lodged.  After  withdrawing  the  tuyeres  and  shovelling  out  over  50 
tons  there  was  no  change  in  the  condition  of  the  materials.  The 
coal  was  exclusively  converted  into  dry  dust,  and  it  was  therefore 
considered  foolishness  to  persist  in  keeping  the  furnace  in  blast. 
It  was  therefore  shovelled  out  for  a  second  trial,  which  resulted  in 
doing  better  work,  owing  to  an  increase  of  coke. 

Such  scaffolds  and  bridging  as  this  could  not  have  been  dislodged. 
I  may  state  that  the  coal  used  in  the  furnace  at  the  time  referred  to 
was  a  splint,  dry  block  coal  from  CampbelFs  Creek,  West  Virginia. 
It  had  a  tendency  to  split  into  thin  slates,  like  laminated  leaves. 
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which  accounts  for  the  pulverization  by  abrasion  and  superimposed 
weiii^ht  of  the  hi<j^h  column  of  stock. 

This  was  the  short  experiment  by  which  the  Ferrie  System  was 
judged  and  condemned.  My  connection  with  the  work  ceased  after 
my  contract  for  building  the  same  was  finished.  It  has  been  stated, 
and  generally  believed,  that  this  plant  cost  over  $1,000,000,  whereas 
the  whole  cost  at  the  time  referred  to  did  not  amount  to  $450,000, 
and  it  is  admitted,  by  both  foreign  and  American  engineers,  that  no 
furnace  plant  even  now  in  the  United  States  is  equal  to  the  Etna 
eitlier  in  construction  or  general  design. 

I  need  hardly  say  that  my  opinion  then  was,  and  still  is,  that  if 
the  management  of  this  plant  had  fallen  into  friendly  hands,  and 
could  have  been  supplied  with  coal  of  different  mechanical  structure 
to  that  of  the  West  Virginia,  not  having  a  tendency  to  decrepitate 
or  split  into  leaves,  the  system  could  have  been  worked  up  to  as 
successful  results  as  are  attainable  with  our  soft  non-coking  coal. 
Far  otherwise,  however,  was  the  case,  and  the  efforts  to  promote  the 
use  of  such  fuel  in  a  raw  state  were  abandoned.  Even  when  work- 
ing three-quarter  coke,  the  retorts  were  found  to  increase  the  yield 
from  6  to  10  tons  per  day. 

It  has  been  said  that  the  ^^  A  "  furnace  of  the  Edgar  Thomson 
plant  was  restored  from  a  chilled-up  state  by  the  use  of  petroleum 
or  coal  oil.  The  injection  of  hydrocarbons  into  a  blast  furnace 
for  promoting  and  supporting  combustion  is  quite  a  different  matter 
from  their  use  in  rolling-mills,  etc.,  in  the  form  of  natural  gas  issu- 
ing from  wells  and  drill-holes.  Their  successful  and  economical  ap- 
plication to  puddling  and  heating  furnaces,  boilers,  etc.,  does  not  prove 
that  they  would  be  equally  efficient  in  the  hearth  and  zone  of  fusion 
of  blast  furnaces,  because  the  requirements  and  conditions  of  the 
one  case  are  quite  different  from  those  of  the  other.  Moreover,  all 
applications  that  I  have  ever  observed,  when  tested  for  a  short  time, 
have  been  abandoned.  Although  the  gaseous  current  leaving  the 
tunnel-head  may  be  in  greater  volume,  it  is  obtained,  nevertheless, 
at  the  expense  of  a  lowering  of  the  temperature  in  the  zone  of  fusion, 
and  to  this  extent  is,  therefore,  a  cooling  process. 

To  support  this  conclusion  I  would  quote  from  Mr.  I.  Lowthian 
Bell.  In  his  work.  Phenomena  of  the  Blast  Furnace^  page  318,  he 
makes  observations  on  solid  fuel,  containing  little  moisture,  injected 
at  the  tuyeres.  If,  as  it  states,  this  does  not  promote  combustion, 
the  hydrocarbons  must  do  so  still  less.  Mr.  Bell  proceeds  to  say 
that  many  years  ago,  while  visiting  the  Dombrowa  Works,  in  Poland, 
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he  found  the  manager  of  the  concern  engaged  in  applying  a  process 
largely  used,  it  was  stated,  at  Decazeville,  in  France.  The  inven- 
tion was  that  of  M.  Cabral,  of  that  place.  It  consisted  of  passing 
a  portion  of  the  bhist  through  a  coal  fire  contained  in  a  large  iron 
chamber,  strong  enough  to  support  the  pressure  it  had  to  encoun- 
ter from  the  compressed  air  from  the  blowing  cylinders  flowing 
through  it. 

I  have  never  been  able  to  understand  how  the  inventor  of  this 
mode  of  applying  heat  to  the  smelting  of  iron  expected  to  accom- 
plish his  object.  The  character  of  the  gases  obtained  would,  of 
course,  depend  upon  the  relative  quantity  of  atmospheric  air  made 
to  traverse  the  coal  fire.  They  might  consist  of  carbonic  oxide 
and  the  hydrocarbons  of  the  coal,  or  of  carbonic  acid  and  steam, 
or,  what  is  still  more  likely,  there  would  enter  the  furnace,  at  the 
tuyeres,  a  mixture  of  all.  Admitting  that  all  of  the  heat  evolved 
by  burning  carbon  to  carbonic  acid  and  hydrogen  to  water  in  the 
external  chamber  found  its  way  into  the  blast  furnace,  there  would 
ensue  the  refrigeration  due  to  water  being  reduced  to  the  con- 
dition of  hydrogen  and  of  carbonic  acid  to  that  of  carbonic  oxide, 
in  which  form  they  would  leave  the  throat.  If,  on  the  other  hand, 
hydrogen  or  its  compounds  with  carbon,  or  carbonic  oxide,  were 
injected,  any  water  formed  by  the  action  of  the  blast  would  pass 
again  to  the  state  of  hydrogen  immediately  it  met  with  carbon  or 
iron;  and,  similarly,  carbonic  acid  derived  from  the  oxidation  of 
carbonic  oxide  would  lose  half  its  oxygen  from  the  same  cause. 

Upon  more  than  one  occasion  the  idea  has  been  suggested  of  col- 
lecting the  gases  evolved  from  coking  coal  and  driving  them  into  the 
furnace.  The  same  objection  as  regards  the  use  of  hydrogen,  which 
has  just  been  mentioned  in  connection  with  the  use  of  ]\I.  Cabral's 
proposal,  is  applicable  to  this  scheme, and  any  benefit  to  be  obtained 
from  the  quantity  of  carbon  contained  in  the  coal-gas  would  certainly 
be  more  than  swallowed  up  by  that  required  to  expel  the  gas  from 
the  coal.  If,  therefore,  the  gases  from  a  confined  coal  fire,  the 
hot  hydrocarbons  or  smoke  from  coking  ovens,  or  powdered  coal 
in  a  current  of  atmospheric  air,  when  injected  into  a  furnace,  are 
objectionable  and  will  do  more  harm  than  good,  how  much  more 
injurious  must  be  the  injection  of  cold  hydrocarbons  in  the  form 
of  oil ! 
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ON  THE  SELF-FLUXING  PBOPEETIES  OF  CHATEAUGAY 

MAGNETITE,  FROM  CLINTON  COUNTY,  N    F., 

AND  ITS  TREATMENT  IN  THE 

BLAST  FURNACE. 

BY  DR.    JAMES  P.    KIMBALL,   BETHLEHEM,  PA. 

The  object  of  the  present  memoir  is  to  put  on  record  some  prac- 
tical experiments  by  the  writer  in  smelting  a  silicious  native  mag- 
netite with  no  other  flux  than  the  silicates  of  its  own  gangue.  This 
work  was  undertaken  in  the  spring  of  1878  for  Messrs.  Naylor  & 
Co.,  of  Boston,  to  whom  I  am  indebted  for  the  privilege  of  here 
communicating  its  results,  these  having  hitherto  only  been  simply 
announced.*  So  far  as  I  am  aware  these  are  the  first  instances  of  the 
kind  in  this  country  that  non-calcareous,  or  rather  non-carbonated, 
magnetites  have  successfully  been  used  strictly  alone  as  self-fluxing 
ores  in  the  blast  furnace;  that  is,  without  the  addition  of  calcareous 
flux  in  the  form  either  of  limestone,  quicklime,  calcareous  ore,  or 
basic  (calcareous)  slag. 

Previous  to  the  spring  of  1878,  when  the  Chateaugay  magnetic 
ore  was  first  brought  to  my  notice,  its  use  had  been  limited  to  Cat- 
alan forges,  after  ''  separation ''  at  the  ore  bed.  The  blooms  and 
billets  made  from  it  in  the  several  forges  of  Messrs.  Weed  &  Wil- 
liams, and  of  Mr.  Williams,  were  well  known  in  the  trade  as  among 
the  best  in  the  market. 

The  Chateaugay  ore  beds  proving  of  great  magnitude,  and  the 
ore  exceptionally  low  in  phosphoric  acid,  it  commended  itself  for 
blast-furnace  purposes  to  Messrs.  Naylor  &  Co.,  who  employed  me 
to  blow-in  the  charcoal  furnace  at  Pittsford,  Vt.,  on  this  ore  in  the 
spring  of  1878,  a  previous  trial  of  this  ore  in  the  same  furnace  in 
the  fall  of  1877  having  proved  abortive.  This  was  therefore  the 
first  time  that  Chateaugay  ore  was  successfully  smelted  in  a  blast 
furnace,  although  since  well  known  as  a  blast-furnace  ore  possessing 
superior  and  exceptional  qualities. 

The  Pittsford  furnace,  although  rebuilt  in  1844,  and  subsequently 
improved  by  the  former  owner,  the  late  J.  Prichard,  is  one  of  the 
few  furnaces  of  the  old  type  with  open  breast  (Sumpfofen)  still  ac- 
tive in  this  country.     Its  improvements  on  furnaces  of  the  period. 


^-  Bulletin  American  Iron  and  Steel  Association,  XII,  1878,  132,  156. 
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when  this  type  of  charcoal  furnace  prevailed,  consist  of  a  hot  blast 
of  moderate  heating  capacity,  and  a  closed  top.  It  is  still  supplied 
only  with  water-power,  limited  to  a  maximum  pressure  of  three 
pounds.  Low  stages  of  water,  however,  reduce  even  this  low  power, 
thus  subjecting  the  furnace  in  dry  seasons  to  interru{)tions  in  the 
blast,  and  occasionally  to  the  necessity  of  banking.  It  will  be  un- 
derstood that  the  furnace  was  operated  in  the  old  way  of  opening 
the  breast  several  times  a  day,  and  '^sweeping''  out  the  scoria  formed 
below  the  tuyeres,  by  the  cooling  exposure  incident  to  such  a  con- 
struction. The  following  were  the  lines  and  dimensions  of  the 
Pittsford  furnace  at  the  time  of  my  experiments.  The  former  have 
since  been  modified. 

Height  of  stack,      ........  40  feet. 

Bosh,  diameter,        .         .         .         .         .         .         .         .  10     " 

'<      height, 10     " 

Angle  of  bosh, 62.}  " 

Crucible, 6J  x  3  feet. 

Tunnel  head, 6  feet. 

Three  tuyeres,  sides  and  back, 

Side  tuyeres,  height,       .......  30  inches. 

Back  tuyere,     " 38       " 

Dam, 20       " 

Pressure  of  blast  (maximum  capacity),  .         .         .3  pounds. 

The  result  of  blowing-in  the  furnace  in  the  fall  of  1877,  and 
previous  to  my  acquaintance  with  the  circumstances,  but  presumably 
under  the  usual  practice  with  a  mixture  of  native  hematites  and 
Lake  Champlain  magnetites,  was  not  successful.  After  operating  a 
few  days  with  great  difficulty,  and  making  a  little  slag  and  a  little 
hard  iron,  she  finally  chilled.  This  happened  on  light  charges  of 
unroasted  ore  and  25  per  cent,  of  limestone  of  the  following  compo- 
sition, viz. : 

Lime, 33.90 

Magnesia,        ..........  17.47 

Carbonic  acid, 45  86 

Silica, 2.75 

Alumina,         ..........  0.55 

Ferrous  oxide,         .         .         .         .         .         .         .         .         .  0  30 

Phosphoric  acid,     .........  trace 

Sulphur,          ..........  none 

100.83 

The  only  analysis  of  the  Chateaugay  ore  then  available  was  one 
by  Mr.  Otto  Wuth,  of  Pittsburgh.     His  sample,  as  was  afterwards 
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proved,  was  considerably  leaner  than  the  average  of  the  ore  sup- 
plied to  the  furnace.  The  proportion  of  slag-making  material  indi- 
cated by  the  analysis  was  therefore  greater  than  in  the  actual  work- 
ing of  the  ore. 

ANALYSIS   OF   CPIATEAUGAY   ORE. 


Macnetic  oxide  of  iron, 

57.29 

Ferrous  oxide, 

3  15 

Alumina, 

7.92 

Silicic  acid,     .... 

22.18 

Lime,      .... 

5.96 

Magnesia, 

.       3  36 

Phosphoric  acid,    . 

.       0.004 

Sulphur, 

trace 

Titanic  acid,  . 

none 

"Water  (by  loss),     . 

.       0.30 

Metallic  iron, ^ 

100.164 

.     44.03 

Phosphorus,   . 

• 

.       0.002 

Separating  the  slag-making  ingredients  of  the  ore  in  the  above 
analysis,  they  were  found  to  exist  in  the  relative  proportion  of  a 
fusible  acid  slag  suitable  for  a  charcoal  furnace,  especially  when 
supplemented  by  the  basic  additions  from  charcoal  ashes.  In  this 
respect  the  ore  bears  a  close  resemblance  to  several  well-known  mag- 
netites of  Sweden,  the  so-called  engcendes  (as  those  of  Dannemora), 
which  are  smelted  without  limestone.  I  accordingly  inferred  that 
the  difficulty  experienced  in  blowing-in  the  Pittsford  Furnace  on 
this  ore  arose  from  excess  of  limestone. 

The  synthetical  composition  of  the  slag  deduced  from  the  single 
analysis  above  given,  without  reference  to  the  ashes,  would  be  as 
follows,  viz. : 

Silica, 56.55 

Alumina, 20.19 

Lime,     ...........  15.19 

Magnesia,       .         .         . 8.56 


100.49 


In  order  to  test  experimentally  the  slag-making  properties  of  the  ore, 
which  had  never  been  applied  to  a  blast  furnace  except  in  the  instance 
named,  I  made  a  series  of  fusions  of  the  ore  in  brasqued  crucibles,  with 
different  proportions  of  native  limestone,  and  also  by  itself,  and  ob- 
tained a  perfect  separation  of  metal  and  a  highly  fusible  slag  from  the 
ore  by  itself,  and  only  slightly  less  fusible  slags  when  mixed  with  lime- 
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stone  up  to  ten  percent., — tlie  degree  of  fusibility  being  in  inverse  ratio 
to  the  proportion  of  limestone  additions,  as  far  as  could  be  judged  by 
the  eye.  The  limestone  used,  it  will  be  noticed,  is  highly  tnagnesian. 
The  buttons  of  metal,  however,  averaged  52.25  per  cent.,  showing 
as  above  remarked,  a  difference  of  eight  per  cent,  in  favor  of  the 
richness  of  the  ore,  as  delivered,  compared  with  the  sample  analyzed 
by  Wuth.  The  relative  proportion  of  the  ingredients,  exclusive  of 
the  iron,  was  assumed  to  be  sufficiently  indicated  by  the  analysis. 
In  point  of  fact,  the  ratio  of  silica  to  alumina  proved  to  be  1  part 
of  alumina  to  4.27  of  silica,  instead  of  2.8  of  silica,  as  in  the  sample 
analyzed  by  Wuth. 

The  slag-making  components  of  Chateaugay  ore  are  essentially 
free  quartz,  feldspar,  actinolite  and  chlorite.  Xo  carbonate  of  lime 
is  present,  the  lime  being  wholly  referable  to  a  compound  silicate 
with  magnesia  in  actinolite.  Its  essential  difference  from  the  great 
majority  of  American  magnetic  iron  ores  in  the  market,  is  in  its  pos- 
session of  a  notable  proportion  of  alumina, — referable  to  its  presence 
in  feldspar,  rather  than  in  the  chlorite, — by  far  a  more  common 
silicate  in  native  magnetites. 

Previous  to  my  taking  temporary  charge  of  the  Pittsford  furnace, 
the  whole  stock  of  Chateaugay  ore  had  been  roasted  in  heaps  at  my 
request.  Wishing  to  proceed  cautiously  in  the  experiment,  and  with 
the  object  in  view  of  securing  a  good  flow  of  cinder,  I  began  with  a 
small  charge  of  old  acid  slag  from  the  dump,  and  followed  with 
small  charges  of  limestone  gradually  reduced  and  finally  replaced 
with  slag  from  the  hearth  of  the  furnace  as  follows : 


Date. 

Charges. 

Coal, 
bushels. 

Ore, 

pouuds. 

Lime- 
stone, 

Slag. 

pouuds. 

May  2,  1878. 

8 

30 

a      2,       " 

1 

75 

"    2      " 

2 

30 

^00 

36 

"    Z,     " 

10 

30 

400 

36 

%  pound  pressure,  cold 
blast. 

"    3,     " 

10 

30 

400 

36 

60 

11    ^      (1 

25 

30 

500 

45 

"    5,     " 

21 

30 

500 

45 

75 

First  cast  2310,  foundry  ; 
warm  blast. 

"    6,     " 

8 

30 

500 

45 

75 

"    6,     " 

3 

30 

500 

25 

75 

"    6,     " 

4 

30 

600 

75 

"    fi,     " 

1 

30 

600 

114 

"  12,     " 

32 

30 

1075 

100 

"  18,     " 

31 

30 

1175 

75 

Juno  1,    " 

34 

30 

1125 

35 

"    lo,      " 

3.5 

30 

1000 

45 

"   27.     " 

35 

30 

1025 

60 

"   28,     " 

34 

30 

925 

60 

July  5,     " 

Furnace  banked  for  want 
of  water-power. 

On  the  16th  of  May,  when  I  turned  over  the  charge  of  the  furnace 
to  Mr.  Gilman  Prichard,  with  William  McCoy  as  founder,  it  was  ou 
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a  full  burden,  and  with  a  little  over  6  per  cent,  of  slag  from  the  hearth, 
applied  by  way  of  supplementing,  or  rather  extending  the  normal 
proportion  of  slag-making  material  of  the  ore  charged.  I  may  here 
remark,  that  the  fluctuations  in  the  number  of  units  of  iron  in  tiie  ore, 
as  sliown  in  my  extract  from  the  blast-book  (Table  II),  are  only  ap- 
parent, it  not  always  being  practicable  to  deduce  the  average  yield 
of  an  ore  for  so  short  a  period  as  one  week;  the  first  cast  or  two  in  a 
week  generally  being  to  the  credit  of  the  previous  week.  The  diifer- 
ence  is  considerable  when  the  furnace  is  working  up. 

Towards  the  last  of  this  short  blast  the  failure  of  the  water-power 
made  it  necessary  to  run  the  furnace  slowly,  and  with  a  light  burden, 
until  at  length  suspended  on  July  1st,  and  banked. 

In  order  to  use  up  the  stock  taken  from  the  furnace  after  chilling, 
consisting  of  about  half  Chateaugay  ore,  one  quarter  limestone,  and 
one  quarter  charcoal,  all  in  a  damp  state,  some  two  per  cent,  of  it 
was  charged  after  the  second  week.  No  account  of  this  charge  is 
made  in  the  table,  as  its  practical  effect  was  simply  to  increase  the 
apparent  yield  of  the  ore  about  0.5  per  cent.,  while  adding  some 
some  0.25  per  cent,  limestone  to  the  charge. 

With  the  renewal  of  the  water-power  in  the  winter,  the  furnace 
w^as  opened  on  December  11th,  after  being  banked  some  five  months, 
and  again  blown-in  by  myself  on  the  next  day  with  the  same  prac- 
tice and  with  similar  results  as  in  the  previous  blast.  This  blast 
was  of  short  duration  from  want  of  coal,  and  the  furnace  was  again 
banked  January  8th,  1879. 

April  28th,  1879,  the  furnace  w^as  again  started  on  Chateaugay 
ore  as  before.  No  limestone  was  used  till  the  sixth  week,  when  it  be- 
came desirable  to  keep  the  slag  as  basic  as  practicable  within  the 
limits  of  easy  fusibility.  Two  per  cent,  of  limestone  was  therefore 
added  to  the  charge,  and  the  charge  of  slag  reduced  to  about  the 
same  extent.  The  average  proportion  of  slag  charged  to  the  amount 
of  ore  used  throughout  the  whole  blast,  ending  July  10th,  1879, 
was  6.2.  As  will  be  seen  by  reference  to  the  table,  the  new  supply 
of  ore  proved  .richer  than  the  previous  one,  and  the  relative  con- 
sumption of  fuel  was  accordingly  reduced. 

In  the  eighth  week  of  the  blast  an  interruption  occurred  of  eight 
days,  during  which  the  furnace  was  banked  for  want  of  charcoal. 
Such  an  interruption,  like  the  former  ones,  was  of  course  attended 
with  a  large  consumption  of  fuel,  which,  averaged  upon  short  blasts, 
runs  up  inordinately  the  fuel  account. 

It  may  be  proper  to  say  in  explanation  of  such  a  succession  of 
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interruptions,  that  the  Plttsford  furnace  plant  had  not  then  actually 
passed  into  the  hands  of  the  present  owners,  and  that  at  tlie  time  of 
the  above  experiments,  it  was  not  regularly  "  in  commission.'^ 

The  normal  consumption  of  charcoal  was  less  than  100  bushels 
to  the  ton  of  iron,  the  average  for  the  five  weeks  of  regular  blast 
(8d  to  7th  inclusive)  being  some  97  bushels.  The  composition  of 
this  charcoal  was  hard  and  soft  in  about  equal  proportion. 

After  the  interruption  last  mentioned  the  furnace  continued  in 
blast  till  July  10th,  when  it  was  blown-out  for  repairs  to  the  hearth, 
which  was  found  to  have  cut  considerably  between  the  bosh  and 
tuyeres,  probably  thus  affected  by  the  repeated  banking.  The  record 
given  is  for  all  the  full  and  uninterrupted  weeks  of  the  blast. 

The  pressure  of  blast  was  generally  governed  by  the  stage  of  the 
water  and  the  available  power.  As  the  charcoal  was  far  from  the  best 
quality,  through  admixture  of  spruce,  j  to  J  pounds  was  about  the 
maximum  pressure  employed,  according  to  the  power.  The  con- 
tinual sweeping  of  the  hearth,  the  cooling  effect  of  this  practice,  and 
its  tendency  to  bodily  settling  of  the  stock  or  to  slips,  rendered  it 
necessary  to  keep  the  furnace  as  hot  as  practicable — the  open  con- 
struction of •  the  hearth  not  admitting  of  the  production  of  forge 
iron,  at  least,  with  a  magnetic  ore. 

PLATTSBURGH    FURNACE. 

I  now  proceed  to  describe  some  further  experiments  with  Chateau- 
gay  ore  in  the  above-named  furnace.  Although  this  furnace  is  of 
modern  pattern,  with  steam-power,  closed  front  and  closed  top,  its 
actual  cubical  capacity  is  somewhat  less  than  that  of  the  Pittsford 
furnace,  with  the  same  height  being  one  foot  less  in  the  bosh.  Un- 
fortunately, for  the  purpose  of  comparison  between  the  experiments 
conducted  in  these  two  furnaces,  the  conditions  belonging  to  the  fuel 
were  grossly  unequal.  A  similar  inequality  attaches  to  any  compari- 
son of  the  Plattsburgh  furnace  at  the  period  referred  to  with  other 
charcoal  furnaces  in  general,  arising  from  the  circumstance  that  it 
was  supplied  only  with  soft  coal,  and  that  of  the  very  poorest  de- 
scription. 

The  Plattsburgh  or  Norton  furnace  was  built  in  1877-78  by  the 
late  C.  F.  Norton,  as  an  auxiliary  to  his  extensive  saw-mills,  with  the 
object  of  utilizing  their  refuse,  by  converting  it  into  charcoal,  and 
consuming  this  on  the  premises  as  a  blast-furnace  fuel.  The  only 
directly  available  fuel  for  this  furnace,  comparatively  remote  from 
hardwood  timber,  was  therefore  made  from  the  butts,  sides  and  edges 
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of  pine  and  hemlock  logs,  hemlock  being  in  much  the  larger  propor- 
tion. Ill  adapted  as  such  soft  woods  are  to  charcoal  for  a  blast 
furnace,  the  stock  on  hand  proved  poor  of  its  kind,  from  the  circum- 
stance that  it  had  been  accumulating  for  several  years,  and  had  there- 
fore suffered  from  exposure  to  the  weather.  A  large  portion  of  it, 
in  the  interior  of  the  piles,  proved  quite  rotten  from  fermentation. 
This  condition  of  the  wood  led  to  unevenness  in  the  quality  of  tb.e 
charcoal,  the  outer  sound  or  fresher  portions  of  the  |)iles  affording  a 
soft  and  weak  fuel,  while  the  weathered  portion  yielded  a  coal  quite 
unfit  for  its  purpose.  Farther  inequality  in  the  charcoal  arose  from 
the  difference  between  butts,  slabs  and  edges,  as  each  sort  was  piled 
by  itself,  and  coaled  apart.  This  explains  the  large  consumption  of 
fuel  recorded  in  the  following  experiments.  It  would  have  been 
even  greater,  but  for  an  occasional  admixture  of  forest  coal  made 
from  the  ordinary  run  of  soft  and  hard  coaling  woods  in  our  northern 
forests,  viz.,  in  the  proportion  of  about  one-quarter  soft. 

The  Plattsburgh  charcoal  averages  about  12  pounds  to  the  bushel 
when  fresh  from  kiln,  or  about  13  pounds  from  shed.  The  char- 
coal from  weathered  wood  and  edges  was  exceedingly  soft  and 
pulverulent.  The  forest  coal  was  of  good  weight,  or  some  16  pounds 
to  the  bushel.^ 

Handicapped  as  any  record  of  the  work  of  the  Plattsburgh  fur- 
nace must  be  under  such  adverse  conditions  affecting  its  consumption 
of  fuel,  the  work  here  recorded  affords  nevertheless  a  remarkable 
example  of  blast-furnace  practice  when  considered  with  reference  to 
these  conditions.  It  is  obvious  that  an  excessive  consumption  of 
fuel  in  any  case,  by  proportionately  reducing  the  capacity  of  a  fur- 
nace for  ore,  practically  diminishes  its  whole  working  capacity.  In 
other  w^ords,  the  excess  of  fuel  takes  up  room  properly  belonging  to 
ore.  The  production  of  iron  is  accordingly  out  of  proportion  to  the 
cubical  capacity  of  the  stack. 

The  following  are  the  dimensions,  etc.,  of  the  Plattsburgh  furnace : 

Height  of  stack, 40  feet. 

Bosh,  ...........       9     " 

Diameter  of  hearth, 8j  '* 

Tuyeres,      ..........       3 

Tunnel  head, 6  feet. 

Capacity  of  hot  blast, 600°  to  700° 

At  the  instance  of  the  lessees,  Messrs.  Nay  lor  &  Co.,  I  took 
temporary  charge  of  the  Plattsburgh  furnace  on  March  11th,  1879, 

*  See  a  paper,  volume  viii.  Transactions,  by  Professor  Egleston  on  Charcoal  in 
Kilns,  with  reference  to  the  coaling  operations  at  the  Norton  Furnace. 
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and  blew  it  in  on  calcined  Chateaugay  ore  without  limestone 
using  to  start  with,  some  basic  slag  from  the  Crown  Point  anthra- 
cite furnaces — no  other  blast-furnace  slag  at  hand  being  sufficiently 
free  from  suspicion  of  phosphoric  acid.  This  was  followed  by  sla^" 
from  the  furnace  hearth  in  charges  gradually  reduced  from  8  per 
cent,  of  the  ore  charge  in  the  first  week,  to  some  3  per  cent,  in  the 
second  week.  At  the  end  of  the  third  week  about  3  per  cent,  of 
limestone  was  charged,  together  with  about  the  same  proportion  of 
the  slag  of  the  furnace,  used  as  it  was  made.  This  continued  to  be 
the  practice  for  several  weeks.  In  the  tenth  week  the  charge  of 
liniestone  was  doubled,  and  the  slag  charge  reduced  to  about  2  per 
cent.  After  this  the  charge  of  limestone  was  gradually  increased 
to  about  13  per  cent.  AVith  about  6  per  cent,  of  limestone  in  the 
twenty-first  week,  the  use  of  slag  was  entirely  dispensed  with.  This 
change  was  made  in  order  to  keep  the  metal  low  in  silicon  by  means 
of  as  basic  a  slag  as  practicable,  the  ore  tailing  to  maintain  its  rich- 
ness as  at  first  delivered. 

A  pressure  of  blast  of  |  to  1 J  pound  was  maintained  throughout 
the  blast,  the  lower  pressure  when  using  soft  charcoal  alone,  and  the 
higher  when  this  was  mixed  with  forest  charcoal  in  the  proportion  of 
^  to  J  of  the  latter. 

The  furnace  worked  uniformly  hot  throughout  the  blast,  produc- 
ing but  little  white  and  mottled  iron,  although  effi)rts  were  made  to 
keep  the  furnace  on  this  quality.  The  rapid  and  intense  combus- 
tion of  so  soft  a  fuel  accounts  for  the  failure  to  produce  other  than 
gray  iron,  except  as  an  accompaniment  of  a  scouring  cinder  caused 
by  occasional  slight  slips  or  other  irregularities. 

After  the  first  week  the  furnace  was  under  the  personal  charge  of 
the  founder,  Mr.  J.  B.  Harnden.  Since  the  exhaustion  of  the  old 
stock  of  saw-mill  charcoal,  the  Plattsburgh  furnace,  with  Mr.  Harn- 
den as  founder,  has  had  a  long  and  successful  blast  on  Chateaugay 
ore  and  forest  charcoal,  the  improvement  of  the  fuel  having  been 
attended  with  a  diminished  consumption  (about  150  bushels).  From 
12  to  14  per  cent,  of  limestone  is  still  used.  The  ore  as  at  present 
supplied  varies  in  metallic  iron  from  46  to  50  per  cent. 

SELF-FLUXING    PROPERTIES   OF   CHATEAUGAY   ORE. 

The  slag-making  material  of  an  ore  graded  according  to  richness, 
will  of  course  vary  in  quantity  with  the  grade.  Thus  it  will  be  seen 
in  the  table  of  analyses  of  Chateaugay  ore,  that  when  the  ore  reaches 
the  higher  grades,  the  slag-making  material  becomes  of  less  ira- 
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portanceas  it  falls  off  in  relative  quantity.  If  this  ore  were  mined 
for  market  up  to  the  same  high  grade  as  shown  by  some  of  the 
special  averages,  the  fusibility  of  its  silicious  ingredients  would  call 
for  no  particular  consideration.  So,  too,  the  higher  grades  of 
Chateaugay  as  mined,  while  characterized  by  slag-making  proper- 
ties, in  kind  the  same  as  above  described,  possess  these  properties 
only  in  a  minor  degree.  The  difference  between  a  44  per  cent,  ore 
as  in  Wuth's  sample  (I)  and  a  60  per  cent,  ore  as  in  Chandler's 
(V)j  is  equal  to  a  difference  of  over  25  per  cent,  in  slag-making  in- 
gredients. As  the  ore  delivered  to  both  furnaces  at  the  time  referred 
to,  averaged  for  considerable  periods  52,  55,  58,  and  59  per  cent, 
of  metallic  iron,  it  required,  when  smelted  alone  for  a  suitable  flow 
of  cinder,  the  addition  of  small  proportions  of  its  own  slag,  replaced 
in  the  case  of  a  more  basic  operation,  by  limestone. 

The  slag  from  both  furnaces  when  running  without  limestone 
was  characterized  by  uniform  physical  properties,  viz.,  an  ame- 
thystine glassy  surface  and  a  gray  porcellaneous  centre,  the  difference 
being  due  to  the  conditions  of  its  cooling. 


ANALYSIS   OF   SLAG,    PITTSFORD    FURNACE. 

Silica, 56.650 

Alumina, 5,303 

Matrnesia, 6  036 

LioiG, 29.750 

Ferrous  oxide, 1.296 

Potash,  etc., 3.217 

This  analysis,  which  may  be  regarded  as  that  of  a  normal  slag 
from  Chateaugay  ore  smelted  with  charcoal  without  extraneous  flux, 
approximately  affords  the  empirical  formula  5R0,  R^Og,  ISSiOg. 
Thus  it  will  be  seen  to  be  an  acid  slag  between  a  bisilicate  and  a 
trisilicate.  Its  composition  closely  approaches  that  of  fusible  blast- 
furnace slags  par  excellencej  like  Bodeman's  for  instance  (silica,  56 ; 
lime,  30 ;  alumina,  14).  As  compared  wdth  this  slag  the  deficiency 
in  alumina  is  made  up  in  protoxide  bases  like  magnesia  and  the 
alkalies.  It  approaches  the  composition  of  an  aluminous  augite, 
with  excess  of  silica  and  alumina,  due  to  the  feldspathic  gangue  of 
the  ore,  accompanying  calcareo-magnesian  silicates  of  the  amphibole 
type,  and  to  the  admixture  of  these  minerals  with  free  quartz. 
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TABLE  I. 


analyses  of  chateaugay  magnetic  iron  ore 
(commercial  samples). 


Magnetic  oxide  of  Jron....t 

Ferrous  oxide 

Mauganous  oxide 

Alumina 

Lime 

Magnesia 

Silica 

Insoluble 

Snlpiiur 

Phosphoric  acid 

Titanic  acid 

Water 

Loss  by  ignition , 

Alkalies 

Total 

Metallic  iron 

Phosphorus 


I. 

IL 

in. 

80.76 

IV. 

V. 

VI. 

57.29 

86.14 

83.49 

82.57 

3.15 

"0.67 

trace 

trace 

0.39 

7.92 

1.01 

3.11 

1.67 

2.505 

5.96 

2.79 

1.59 

8.54 

1.877 

8.36 

trace 

1.02 

6.515 

1.67 

0.266 

22.18 

10.16 

13.25 

I'siiz'io 

10.18 

13.60 

trace 

6.09 

"6.28 

0.S9 

0,06 

0.041 

0.004 

0.06 

trace 

0.047 

0.128 

0.053 

0.07 

0.46 

trace 

6.34 

0.16 

0.130 
0.170 
1.037 

100.204 
44.03 

100.32 

100.08 

100.802 

100.208 
59.780 

60.28 

58.20 

60.459 

56.283 

0.002 

0.026 

0.020 

0.056 

0.023 

VIL 


0.23 
3.244 
3.151 
1.366 
13.87 


0.272 
0.580 


56.505 
0.025 


I.  By  Dr.  Otto  Wuth. 
II.  By  G.  W.  Maynard. 
IIL  By  A.  H.  Howe. 
IV.  By  Dr.  F.  A.  Genth. 
V.  By  Dr.  C.  F.  Chandler. 
VI.  By  Mr.  Billings,  Norway  Iron  Works,  South  Boston. 
VII.  Mean  average. 


VOL.  IX. — 6 
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TABLE  II. 

EXTRACT   FROM   BLAST   BOOKS,   PITTSFORD   AND    NORTON 

FURNACES. 


PITTSKORD     FURNACE. 

2d  week  ending  May  15, 1878. 

3a    "  

4th  "  

5th  "  

(?th  "  

7th  "  

8th  "  ending.Tune26, 1S78. 

Mean  average 

2d  week  ending  May  11,1879. 

3d    "       

4th  "       

5th  "       

6th  "       

7lh  "       ending  June  15, 1879. 

Mean  average 

NORTON    FURNACE. 

14  weeks  ending  June  15,1879. 


IGth  week 

17th 

18tli 

19lh 

20  th 

21st 

22d 

23d 

24Ui 

Mon 


and  251 1\  weeks 

th  ending  Sept.  27. 


Oct.  31 

Nov.  28 

Dec.  26 

Jan.  23,  18S0  , 

Feb.  22 

Feb.  29 


Mean  average., 


6.50 
29.25 
20.00 
19. 3G 


121.05 
107.66 
131.32 
107.24 
113.33 
113.05 
123.34 


116.71 


None, 


152. 
103. 

86. 
108. 

96. 

91.13 


None, 


106. 


175.46     3.78 


185.20 
218.55 
250.00 
198.73 
209  99 
203  83 
194  84 
201.76 
168.21 
188.09 

220.93 
243.21 
179.76 

205.87 
185  62 
186.73 


5.87 
6.12 
5.49 
6.07 
5.90 
5.74 
6.42 
6.08 
6.62 
7.54 

9.47 
10.61 
11.54 
13.44 
14.68 
13.24 


200.98 


9.01 
6.45 

5.87 
3.62 
3.74 

5.54 
7.74 


2.7 


4.01 
2.40 

1.01 

2.60 
2.36 


CO     CO 

o  a 

..  o 

?o 


(^ 


53.20 
63., si 
59.70 
67.20 
66.44 
62.89 
58.13 


39. 
54. 
63. 
74. 
56. 
68.8 


5498 

58.53 
55.68 
47.16 
56.96 
59  05 
61.03 
56  66 
46.39 
39  x3 
58.G1 

58.13 
50.79 
62.47 
54.68 
53.23 
53.66 


48.69 


49.64 
56.45 
48.07 
57.96 
57.03 
55.15 
57.61 


61.62     54.56 


42. 

60. 

621^ 

66. 

6fli^ 

66.26 


59.13    59.54 


58.35 

57.90 
51.66 
46.84 
53.72 
52.37 
.53.00 
55.63 
48.15 
<i0.79 
57.35 

51.97 
40.87 
.57.21 
49.49 
46.83 
46.49 


.52.30 


REMARKS. 


FIRST  BLAST. 


Furnace  banked  July  1. 


THIRD  BLAST.* 


Rest  of  blast  interrupted, 


PLATTSBURGH. 

Exclusive  of  first  week 
of  blast. 


Furnace  stopped  one 
week  for  repairs. 


*  A  second  blast,  of  very  short  duration,  commenced  December  12, 1878. 
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TABLE  III. 

ANALYSES   OF   PIG    IRON    AND    ACCOMPANYING   SLAGS, 
PITTSFORD    FURNACE. 


PIG  IKOX. 

CORRESPONDING  CINDER. 

No.  Pig. 

C 

C 

P 

Si 

S 

FeO 

CaO 

AI2O3 

MgO 

SiOo 

P 

PoO, 

K2O 

Comb. 

May  1878 

1 

3.750 

.063 

1  860 

.002 

Jiiup,  1878.... 

.046 

2.563 

Doc.  31,  1878. 

.051 

1.296 

29.750 

5.303 

6.036 

56.650 

.048 

3.217 

Jan.,  1879 

.054 

217 

Jan.,  1879 

.056 

1.53 

Marcli,  1879. 

.0:;2 

.002 

March,  1879. 

.063 

Millar,   Met- 

calf&  Par- 

kin   

2.910 

.034 
.061 

1.98 
0.600 

June  12, 1879. 

NORTON  FURNACE,  PLATTSBURGII. 

April  1,  1879. 

3.668 

0.03 

0.055 

3.042 

Api.  2o,  1879. 

3.572 

0.03 

0.043 

3.2.33 

June  7,  1879. 

0.02li 

1.590 

55  58 

0  003 

June  14, 1879. 

0.030 

1.790 

5261 

:  race. 

June  19, 1879. 

1 

0.020 

0.638 

53.74 

0  014 

Calculated  from  Wiitii's  Ana^'sis  I,  Table  I 

15.19 

20.190 

8.-56 

56.5") 

Calculated  from  Chandler's  Analysis  V,  Table  I 

20.58 

9.709 

9.709 

59.186 
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ON  THE  WEIGHT,  FALL,  AND  SPEED  OF  STA3IPS. 

BY  H.  S.  MUNROE,  E.M.,  PH.D.,  ADJUNCT  PROFESSOR  SCHOOL  OF  MINES, 

NEW  YORK  CITY. 

An  elaborate  discussion  under  this  beading  formed  a  cbapter  in  one 
of  tbe  reports  made  by  Professor  Raymond  as  Commissioner  of  Mining 
Statistics.*  In  a  subsequent  reportf  was  printed  a  paper,  by  Mr. 
William  Main,  Jr.,  of  Columbia,  South  Carolina,  containing  a  theo- 
retical investigation  into  the  effect  of  the  velocity  of  impact  on  the 
effective  duty  of  stamps. 

A  visit  to  the  Lake  Superior  copper  region  last  summer  suggested 
an  inquiry  into  the  relative  efficiency  and  economy  of  the  enormous 
steam  stamps  of  the  copper-mills,  as  compared  with  the  results  ob- 
tained with  the  cam  and  tappet  stamps  commonly  used  in  the  West. 
The  atmospheric  stamp  used  at  the  Plioenix  Mill  promised  to  add 
interest  to  the  inquiry,  as  giving  an  example  of  unusually  high  speed, 
this  stamp  making  150  drops  per  minute. 

In  introducing  his  subject  Dr.  Raymond  makes  the  following 
remarks,  which  are  quite  apropos  of  the  present  investigation  : 

^^In  considering  the  economical  application  of  stamping  machinery, 
we  meet,  at  the  beginning,  with  serious  difficulties  in  obtaining  ac- 
curate data  for  comparison.  The  weight  and  fall  of  stamps  vary  as 
the  shoes  and  dies  wear  out;  and  this  may  lead  to  a  change  of  speed 
also.  Moreover,  defects  in  engines,  boilers,  or  machinery  for  the 
transmission  of  power,  may  occasion  serious  losses,  which  cannot 
fairly  be  charged  to  the  arrangements  of  the  stamps  proper.  Again, 
the  capacity  of  stamp-mills  is  directly  dependent,  in  some  degree, 
upon  the  nature  and  extent  of  discharge,  fineness  of  screens,  and 
other  peculiarities  of  the  battery.  Finally  the  hardness  and  tenacity 
of  the  rock  crushed  varies  so  much  that  comparisons  between  differ- 
ent localities  cannot  be  implicitly  trusted.  The  safest  experiments 
are  those  made  in  the  same  mill,  by  changing  first  one  and  then 
another  condition  of  working;   but  this  is  seldom  possible  for  such 


*  Mineral  Resources  West  of  tbe  Rocky  JMonntnins,  1871,  p.  380. 
•j-  Mineral  Resources  West  of  the  Rocky  Mountains,  1873,  p.  345. 
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conditions  as  weight  and   lift  of  stamps,  and  only  within   narrow 
limits  for  their  speed. 

"We  may  eliminate  questions  of  friction,  transmission,  and  gene- 
ration of  power,  in  the  case  of  stamps,  by  measuring  the  power  actu- 
ally developed  by  their  fall.  Thus  the  weight,  multiplied  into  the 
fall  in  feet,  and  the  number  of  drops  per  minute,  gives  us  exactly  the 
number  of  foot-pounds  exerted  by  each  stamp.  Dividing  by  33,000, 
the  numl)er  of  foot-pounds  per  minute  in  one-horse  power,  we  have 
the  horse-power  per  stamp,  from  which  the  effective  power  of  the 
whole  mill  may  be  obtained.  Dividing  the  amount  of  rock  crushed 
daily  by  the  effective  horse-power  gives  us  the  daily  amount  per 
horse-power;  and  this  is  the  best  measure  that  can  be  obtained  for 
the  effectiveness  of  the  stamps.  A  complete  discussion  of  the  sub- 
ject would  require  us  to  determine  the  exact  influence  of  the  dis- 
charge, etc.,  and  the  exact  resistance  offered  by  different  classes  of 
rocks,  for  both  of  which  points  the  data  are  wanting.'^ 

Dr.  Raymond  then  gives  a  number  of  tables  comparing  a  large 
number  of  stamp-mills  in  Colorado  and  California,  giving  the  weight, 
fall,  and  speed  of  the  stamps,  and  the  tons  crushed  per  horse-power 
developed,  and  concludes  the  paper  with  arguments  in  favor  of  high 
speed  for  stamp  batteries. 

In  Mr.  Main's  paper  the  author  draws  an  argument  in  favor  of  a 
high  drop,  or  great  velocity  of  impact,  from  the  velocity  with  which 
vibrations  are  transmitted  through  rock.  The  greater  the  velocity 
of  the  stamp,  the  quicker  it  will  come  to  rest,  and  the  less  time  and 
opportunity  there  will  be  for  the  vibrations  to  be  transmitted  through 
the  rock  into  the  mortar  and  the  foundations  of  the  battery.  In  the 
case  of  a  400-pound  stamp  with  a  15-inch  fall  the  vibrations  would 
extend  through  seven  inches  of  granite  before  the  stamp  comes  to 
rest.  A  100-pound  stamp  with  four  times  the  fall  (or  the  equivalent 
of  this  fall  in  the  form  of  acceleration  by  springs  or  steam-power), 
the  same  number  of  foot-pounds  being  exerted,  the  vibrations  would 
extend  but  3J  inches  into  the  rock.  Or  if  we  suppose  the  rock  to 
be  crushed  to  be  3J  inches  thick,  in  the  first  case  one-half  the  force 
has  passed  through  the  block  and  into  the  anvil,  and  in  the  second 
case  the  whole  power  of  the  blow  is  confined  to  the  rock. 

While  Mr.  Main's  argument  is  well  founded  as  regards  the  crushing 
of  solid  blocks  of  ore,  it  does  not  altogether  apply  to  the  crushing 
of  broken  material.  Vibrations  will  not  be  transmitted  through 
a  mass  of  broken  rock  with  the  same  speed  that  they  will  pass 
through  solid  granite;  and  in  practice  it  may  even  prove  of  advan- 
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DIAGPvAM  I. 

SHOWING   THE   CRUSHING    EFFECT,    PER   SINGLE   BLOW,  OF  STAMPS 

OF    DIFFERENT   WEIGHT   AND   FALL. 

(Data  from  Kaymond's  "  Mineral  Resources,"  1870.) 
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tage  that  a  portion  of  the  force  should  be  transmitted  through  the 
nj^per  layer  of  fragments,  in  order  that  those  below  may  be  crushed. 

Effect  of  Weight  and  Fall  of  Stamps. — In  order  to  deter- 
mine the  effect  of  weight,  fall,  and  sj)eed  on  the  crushing  capacity  of 
a  stamp  we  must  eliminate  as  far  as  possible  other  conditions  having 
influence  on  the  result.  By  taking  for  comparison  stamp-mills 
crushing  gold  ores,  we  may  secure  a  certain  uniformity  in  these  con- 
ditions, viz. :  similarity  of  material  crushed,  gold  ores  being  usually 
quartzose;  and,  within  a  narrow  range,  equal  fineness  of  crushing, 
very  fine  screens  being  uniformly  employed.  Silver-mills,  and  gold- 
mills  crushing  cement,  have  been  excluded  from  this  preliminary 
discussion  ;  the  first  for  the  reason  that  silver  ores  of  different  locali- 
ties are  much  less  uniform  in  character  than  gold  ores,  and  the  latter 
because  the  coarse  screens  used  increase  largely  the  capacity  of  the 
stamps. 

To  simplify  the  discussion  weight  and  lift  may  be  combined  and 
expressed  as  foot-pounds.  In  order  to  eliminate  the  effect  of  speed, 
that  is,  the  varying  number  of  blows  per  minute,  we  may  calculate 
and  compare  the  pounds  of  ore  crushed  per  single  blow  of  the  stamp. 

The  result  of  such  a  comparison  is  shown  in  Diagram  I,  embody- 
ing data  from  the  report  of  the  Commissioner  of  Mining  Statistics 
for  1870,  from  nearly  100  California  stamp-mills  treating  gold  ores. 

It  will  at  once  be  seen  from  the  above  diagram  that  although  there 
is  considerable  variation  in  the  amount  crushed  by  stamps  of  equal 
foot-pounds,  yet  there  is  evidently  a  decided  increase  of  effect  with 
the  heavier  blows. 

In  order  to  eliminate,  as  far  as  possible,  conditions  having  effect 
on  the  product  other  than  the  foot-pounds  developed  by  the  fall  of 
the  stamp,  such  as  differences  in  character  of  ore,  etc.,  we  may  take 
groups  of  ten  to  thirty  mills  having  stamps  of  nearly  equal  weight 
and  fall,  and  compare  the  average  efficiency  of  these  mills  with  the 
efficiency  of  others  using  heavier  and  lighter  stamps.  The  result 
of  such  a  comparison  is  shown  in  the  following  tables : 
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TABLE  I. 

CALIFORNIA    GOLD-MILLS,    1869. 

(Data  from  Raymond's  "Mineral  Resourcps,"  1870.) 


1 

2 

8 

4 

5 

6 

y. 

Cj     fc. 

GJ    ■>~      . 

^    C     A 

<v     -^ 

?  o -: 

<u'2  ii 

O  &i 

t-    O    K 

o  a_=! 

fct'     S 

tc    .  'p 

fcJCtl    c 

— 

c;  *^  •-' 

c«  &1J 

K'c.5 

5  2  "^ 

m'S  C, 

75  T3      '• 

MILLS. 

!-^  a 

<D    !_    O 

r,  ^  ^ 

=  -  o 
0.0636 

10 

mills, 

800-9.50  lb. 

stamps. 

850 

10.3 

60 

729.4 

0.0464 

80 

mills, 

()00-750  lb. 

stami)S. 

666 

9.1 

68 

507.4 

0.0344 

0.0677 

10 

mills 

500-600  lb. 

stamps. 

555 

8.6 

65 

400.9 

0.0265 

0.0660 

18 

mills, 

500  lb. 

stamjjs. 

500 

8.0 

60 

333.3 

0.0235 

0.0705 

15 

mills, 

300-600  lb. 

stamps. 

487 

6.2 

05 

267.0 

0.0204 

0.0764 

TABLE   II. 
CALIFORNIA    GOLD-MILLS,    1875. 

(Data  from  "Mineral  Resources,"   1876.; 


MILLS. 

1 

2 

3 

4 

5 

6 

Average 

weight  of 

stamps. 

Average 

drop. 
(Inches.) 

Average 

speed (drops 

per  miu.). 

Average 

foot-pounds 

per  drop. 

Pounds  ore 

crushed  per 

drop. 

Pounds  ore 
cru.shed  jxt 
1000  ft.-lbs. 

10  mills,  750-900  lb.  stamps. 
30  mills,  600-900  lb.  stamps. 
10  mills,  600-750  lb.  stamps. 

1 

8;io 

711 
667 

9.9 

8.9 

7.8 

75 
76 
76 

685.6 

525. 

435. 

0.0.395 
0.0339 
0.0303 

0.0576 
0.0656 
0.0G96 

TABLE  IIL 
COLORADO   GOLD-MILLS,    1869. 
(Data  from  Hague's  "  Mining  Industry,"  p.  574.) 


MILLS. 

1 

2 

3 

4 

5 

6 

Average 

weight  of 

stamps. 

Average 

(>rop. 
(luches.) 

Average 
speed (drops 
per  min.). 

Average 

foot-pounds 

per  drop. 

Pounds  ore 

crushed  per 

drop. 

£  J3  »; 

Isi 

0.0511 
0.0617 
0.0870 

10  mills,  500-900  lb.  stamps. 
13  mills,  450-7.50  lb.  stamps. 
10  mills,  350-500  lb.  stamps. 

696 
533 
475 

14.2 
13.5 
12.2 

27.5 
32.0 
32.5 

822.5 
600.1 
483  5 

0.042 
0.037 
0.042 

The  mills  in  the  different  tables  are  arranged  according  to  the 
foot-pounds  developed  in  the  fall  of  the  stamp.  An  inspection  of 
the  columns  of  weight  and  drop  will  show  that  it  is  the  practice, 


DIAGRAM    II. 

SHOWING    THE    AVERAGE    CRUSHING    EFFECT,    PER    SINGLE    BLOW,    OF    STAMPS    WITH    FINE    AND    COARSE    SCREENS. 

See  Tables  I,  II,  III,  and  IV. 


POUNDS  OF  ORE  CRUSHED  PER  BLOW  OF  STAMP 
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both  in  California  and  Colorado,  to  give  higher  drops  to  the  heavier 
stamps.  Column  5  shows  that  the  amount  of  rock  crushed  increases 
with  the  force  of  the  blow,  while  column  6  shows  that  heavy  blows 
are  not  quite  as  economical  as  light  ones. 

These  facts  are  brought  out  even  more  clearly  in  Diagram  II, 
in  which,  among  other  things,  the  results  given  in  the  tables  are 
plotted  carefully  to  scale.  The  eifect  of  averaging  in  each  case  the 
results  of  a  number  of  mills  having  stamps  of  equal  weight  and  fall, 
shows  itself  in  a  striking  manner  in  the  diagram,  the  plotted  points 
falling  almost  in  a  single  line. 

We  may  go  farther  than  this,  and  by  use  of  the  method  of  least 
squares  average  tii  se  averages  and  determine  the  curve  which  will 
approximate  the  results  most  closely,  and  thus  determine  the  law 
which  governs  the  relation  between  the  weight  of  the  blow  and  the 
ore  crushed,  at  least  within  the  limits  of  the  data  under  discussion. 
By  forming  a  series  of  equations  for  different  values  of  x  and  y, 
making  x  equal  to  the  foot-pounds  and  y  equal  to  the  pounds  of  ore 
crushed  in  each  case,  and  combining  the  equations  by  the  method  of 
least  squares,  we  obtain  a  series  of  normal  equations  from  which  the 
constants  for  x  and  y  may  be  determined. 

The  California  stamp-mills  thus  treated  give  the  following 
formula: 

2/2  -{-  0.04  y  =  0.0000048  x, 

which  is  the  equation  of  a  parabola  passing  through  the  origin  of 
co-ordinates  and  with  its  vertex  below  the  axis  of  x. 

This  curve  has  been  traced  on  Diagram  II,  and  it  will  be  seen 
that  it  coincides  very  closely  with  the  plotted  points,  and  serves  to 
express  clearly  the  relation  between  the  force  of  the  blow  and  the 
amount  of  ore  crushed.  The  amount  of  ore  crushed  increases  regu- 
larly with  the  force  exerted ;  but  the  amount  crushed  per  foot-pound 
is  somewhat  less  w^ith  stamps  giving  a  heavy  blow  than  with  those 
giving  a  light  blow.  The  Colorado  stamps,  as  they  work  under 
somewhat  abnormal  conditions,  have  not  been  used  in  the  determi- 
nation of  the  curve,  but  it  will  be  seen  that  with  the  exception  of 
the  mills  with  light  stamps,  their  agreement  with  the  general  law  is 
quite  close.  These  light  stamps  give  very  high  results;  but  careful 
inquiry,  made  on  a  recent  trip  through  Colorado,  casts  some  doubt 
on  the  accuracy  of  the  data  involved.  The  fact  that  there  are  at 
present  no  mills  in  Gilpin  County  with  stamps  developing  less  than 
500  foot-pounds,  and  only  two  mills  approximating  this  figure  is 
also  of  interest  in  this  connection. 
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We  may,  in  a  similar  manner,  compare  the  Lake  Superior  stamp- 
mills  with  each  other  and  with  the  cement-mills  of  California,  which 
have  equally  coarse  screens. 


TABLE  ly. 
STAMP-MILLS    WITH    ^j."    SCREENS. 

1  o 


29  Ball  staii)ps,Lake  Superior. 

'6  mills,  drop  stamps,  Lake 
Superior 

Atmospheric  stamps,  Phoe- 
nix Mill,  Lake  Superior 

Cement-mill,  Inyo  Co.,  Cal., 
1869,  lialf-inch  screens. 

Taft's  Mill,  Eldorado  Co., 
Cal.,  1869,  quarter-inch 
screens 


1 

2 

3 

4 

5 

6 

Average 

wei.ijht  of 

stamps. 

0)  '-^ 

CO  .  »3 

tf  i  a 

■r. 

^1 

-7=0  0 

o  = 
Cu  ^ 

Pounds  ore 
crushed  per 
1000  ft.  lbs. 

4200 

20? 

90 

26,500 

1.840 

0.070 

1100 

11 

51 

1,007 

0.120 

0.120 

270 

16 

150 

585 

0.086 

0.14G 

(550 

8 

60 

433 

0.071 

0.164 

300 

7 

80 

175 

0.030 

0.171 

The  foot-pounds  per  drop  for  the  atmospheric  stamp  has  been  cal- 
culated on  the  supposition  that  the  velocity  of  the  descending  stamp, 
at  the  moment  of  impact,  is  equal  to  the  velocity  of  the  crank-arm. 
As  the  blow  is  practically  delivered  when  the  downward  movement 
of  the  crank-arm  is  most  rapid,  or  immediately  afterward,  this  as- 
sumption cannot  be  far  from  the  truth.  The  foot-pounds  per  drop 
for  the  steam  stamps  was  calculated  in  each  case  by  taking  into  ac- 
count the  acceleration  due  to  the  stearn  pressure,  making  allowance 
for  cut-off  as  well  as  acceleration  due  to  gravity.  The  effect  of 
the  cut-off  on  the  final  velocity  of  the  stamp  is  small,  especially 
wdien  compared  with  the  resulting  economy  of  steam.  As  the  data 
for  the  calculation  of  the  force  of  the  blow  of  the  steam  stamps  were 
in  some  cases  imperfect,  no  attempt  is  made  to  compare  the  efficiency 
of  the  different  Ball  stamps,  or  to  determine  the  effect  of  weight, 
speed,  steam  pressure,  cut-off,  etc.  Such  a  comparison  might  develop 
many  interesting  facts. 

Omitting  the  Ball  stamps,  the  formula  obtained  by  the  method  of 
least  squares  for  these  stamps  with  -^^  inch  screens  is 

/  -f  0.07  y  =  0.000023  x. 

This  curve  also  has  been  traced  on  Diagram  II,  and  coincides 
closely  with  the  plotted  points.  The  Ball  stamps,  developing  an 
a,verag^  blow  of  about  26,500  foot-pounds,  and,  therefore,  far  beyond 
the  limits  of  the  diagram,  give  much  better  results  than  would  be 
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indicated   by  the  above  equation.     Including  the  Ball  stamps,  the 
equation  becomes 

2/^+  1.07  2/ ==.0002437  a;. 

The  curve  corresponding  to  this  formula  is  shown  in  a  broken  line, 
passing  above  the  drop  stamps  and  somewhat  below  the  other  mills. 

By  comparing  the  figures  given  in  cohimn  6  of  Table  II,  on  p.  88, 
it  will  be  seen  that  the  efficiency  of  the  Ball  stamps  per  foot-pound 
is  much  less  than  that  of  stamps  giving  lighter  blows,  the  Ball  stamps 
crushing  only  about  half  as  much  per  1000  foot-pounds  as  the  lighter 
stamps  of  the  table.  It  seems  probable,  therefore,  that  there  would 
be  a  gain  in  the  use  of  lighter  steam  stamps.  If  it  should  be  con- 
sidered undesirable  to  increase  the  number  of  stamps  in  the  mill,  these 
light  stamps,  say  one-half  or  one-third  of  the  w- eight  of  those  now 
in  use,  might  be  run  at  greater  speed,  or  from  150  to  300  blows  per 
minute.  A  stamp  giving  a  blow  of  10,000  foot-pounds,  for  example, 
would  crush  about  0.920  pounds  of  rock  per  blow,  and  by  running 
it  at  the  rate  of  180  blows  per  minute  its  capacity  would  be  the  same 
as  that  of  the  average  Ball  stamp  of  the  table.  Per  1000  foot- 
pounds this  stamp  would  crush  0.092  pounds  of  rock,  a  gain  of  30 
per  cent,  in  efficiency  over  the  heavy  stamps  now  used.  Again,  a 
stamp  giving  a  blow  of  2500  foot-pounds  would  probably  crush 
0.305  pounds  of  rock  per  blow,  or  0.122  pounds  per  1000  foot-pounds 
exerted,  a  gain  of  74  per  cent,  in  efficiency  over  the  heavy  stamps 
now  used.  If  it  should  prove,  as  seems  probable,  that  such  a  light 
stamp  can  be  run  at  270  to  300  drops  per  minute  without  loss  of 
effect  per  drop,  then  two  of  these  stamps  should  do  the  work  of  one 
Ball  stam[)  as  now  constructed. 

Height  of  Lift. — It  has  thus  been  proved  that  the  product  of 
a  stamp  battery  increases  with  the  force  of  the  blow  of  the  stamps, 
though  not  quite  in  the  same  proportion.  The  tables  already  given 
show  that  it  is  the  practice  to  increase  the  force  of  the  blow  by  in- 
creasing both  the  weight  of  the  stamp  and  the  height  of  the  drop, 
the  heavier  stamps  having  uniformly  higher  drops.  It  will  be  in- 
teresting, therefore,  to  compare  stamps  of  different  w^eight,  having 
equal  drop,  in  order  to  determine  the  effect  of  increase  of  weight, 
and  also  to  compare  stamps  of  equal  foot-pounds  but  different  drop, 
or  light  stamps  with  a  high  drop  with  heavy  stamps  with  a  low 
drop,  in  order  to  determine  the  effect  of  heiglit  of  lift  on  the  amount 
crushed  per  foot-pound.  Diagram  III  gives  the  results  of  such- 
a  comparison.     Tliis  comparison  was   made  by  grouping  the  Call- 
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fornia  stamp-mills,  not  only  according  to  the  weight  of  the  stamps, 
but  also  according  to  height  of  drop,  and  then  calculating  the 
averages  for  each  group  as  in  the  previous  comparisons. 

DIAGRAM  III. 

SHOWING   THE    EFFECT   OF    HEIGHT   OF    DROP  ON   THE  CRUSHING 
CAPACITY    OF   THE   STAMP. 
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The  average  of  three  Colorado  mills  vith  15  and  16-Inch  drops 
has  been  added  to  show  the  effect  of  very  high  drops. 

An  inspection  of  Diagram  III  will  show:  first,  that  of  stam])s  de- 
veloping equal  foot-pounds,  those  with  a  lower  drop  give  decidedly 
better  results  than  those  with  a  higher  drop;  and  second,  that  of 
stamps  of  equal  drop,  the  lighter  stamps  give  somewhat  better  results 
per  foot-pound  than  the  heavier  ones. 

We  see,  therefore,  that  both  the  increase  of  the  weight  of  the 
stamps  and  the  increase  of  the  height  of  lift  tend  to  diminish  the 
amount  of  ore  crushed  per  foot-pound,  and  that  if  it  be  necessary  to 
increase  the  crushing  effect  of  the  battery  it  is  better  and  more 
economical  in  the  case  of  drop  stamps  to  increase  the  weight  of  the 
stamp  than  the  height  of  the  drop. 

This  law  does  not  apparently  apply  to  velocity  of  impact,  for  the 
atmospheric  stamp  and  the  Ball  steam  stamp  have  a  final  velocity 
equal  to  that  of  a  2-foot  drop  and  a  G-foot  drop  respectively. 
These  stamps,  with  high  velocity  of  impact,  on  the  contrary,  from 
insj^ection  of  the  broken  lines  in  Diagram  II,  would  seem  to  give 
better  results  than  the  drop  stamps  with  but  11  inches  fall. 

The  explanation  of  the  advantage  of  a  low  drop  probably  lies  in 
the  fact  that  the  blow  of  the  stamp  is  given  under  water,  and  that 
the  resistance  of  the  water  and  slime  prevent  the  stamp  from  ac- 
quiring the  velocity  due  to  its  fall,  so  that  the  stamp  with  a  high 
drop  expends  a  larger  part  of  its  energy  in  overcoming  this  resist- 
ance than  is  the  case  with  the  stamp  with  a  low  drop.  The  limit  of 
economy  in  lessening  the  height  of  drop  will  be  reached  when  the 
blow  of  the  stamp  barely  produces  the  splash  necessary  to  effect  the 
discharge  of  the  crushed  ore  through  the  screens. 

Tables  I  and  II  show  that  but  little  chanp:e  in  the  averaire  height 
of  drop  was  made  in  California  between  1869  and  1875,  except  the 
abandonment  of  very  high  and  very  low  drops.  In  1869  the  range 
was  between  6  inches  and  10  inches,  but  few  mills  only  having  drops 
of  11  and  12  inches.  In  1875  eighty  per  cent,  of  the  mills  reported 
had  drops  of  7,  8,  or  9  inches,  while  a  few  had  10  inches  and 
above. 

More  recent  data  seem  to  indicate  a  tendency  to  adopt  8  inches  as 
the  standard  height  of  drop.  Diagram  III  would  seem  to  indicate 
that  6  inches  might  be  even  better  than  8  inches,  but  the  results 
given  in  the  diagram  are  drawn  from  too  few  mills  to  warrant  the 
acceptance  of  this  as  proved. 
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It  may  be  that  the  material  crushed  in  these  mills  with  low  drops 
was  soft  ore,  not  requiring  heavy  blows. 

In  Colorado  the  change  since  1869  has  apparently  been  in  a  con- 
trary direction.  Of  half  a  dozen  mills  visited  this  summer,  repre- 
senting the  best  practice  in  Gilpin  County,  the  drop  ranged  from  13 
inches  to  18  inches,  the  average  being  16  inches.  The  results  ob- 
tained confirm  the  law  already  stated,  the  stamps  with  a  low  drop 
giving  better  results  than  those  with  a  high  drop.  The  necessity 
for  a  high  drop  in  Colorado  stamp  batteries  comes  from  the  con- 
struction of  the  mortar,  the  bottom  of  the  screens  being  11  inches  or 
more  above  the  die.  This  high  issue  is  given  to  allow  the  amal- 
gamated copper  plates  in  the  mortar  to  be  placed  at  least  6  inches 
above  the  die,  that  they  may  not  be  covered  by  slime  nor  have  the 
amalgam  rubbed  off  in  the  crushing  of  the  ore.  In  short,  the  stamp 
batteries  are  built  as  amalgamating  machines  and  not  with  a  view  to 
crush  as  much  ore  as  possible. 

Speed  of  Stamps. — Tables  I  and  II  show  that  between  1869 
and  1875  the  average  speed  of  stamps  in  California  was  increased 
from  62  drops  per  minute  to  76  drops,  an  increase  of  23  per  cent. 
A  careful  inspection  of  Diagram  II  will  show  the  average  efficiency 
of  the  later  stamp-mills  to  be  as  great  as  those  of  1869.  It  is  pos- 
sible, however,  that  improvements  in  construction  and  in  details  of 
working  may  have  offset  losses  due  to  extra  speed.  The  following 
comparison,  between  mills  of  nearly  equal  foot-pounds  and  the  same 
average  height  of  drop,  shows,  however,  no  loss  from  17  per  cent,  in- 
crease of  speed. 

Drops  per      Pounds  enished 
Foot-pounds.       minute.  per  blow. 

Average  10  California  mills,        .         5*20  82  0.034 

Average  10  California  mills,        .         534.7  70  0.035 

The  data  are  from  the  report  for  1876,  and  therefore  from  mills 
of  modern  construction.  The  result  would  seem  to  show  a  slight 
advantage  in  favor  of  the  slower-moving  stamps  ;  the  difference,  how- 
ever, is  exactly  what  should  result  from  the  difference  in  foot-pounds. 

The  high  efficiency  of  the  Phoenix  atmospheric  stamps,  with  150 
drops  per  minute,  crushing  .086  pounds  of  rock  per  drop,  or  9.17 
tons  per  head  per  twenty-four  hours,  furnishes  another  argument  in 
favor  of  high  speeds. 

It  would  seem  therefore  that  the  speed  of  the  stamp  battery  may 
be  increased  without  diminishinir  the  tons  crushed  per  horse-power, 
the  product  of  the  battery  increasing  in  the  same  proportion  as  the 
speed. 
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In  dry  stamping  the  effect  of  increasing  the  speed  is  to  increase 
the  product  of  the  battery,  and  this  in  very  much  greater  proportion. 
The  following  table,  from  the  report  of  the  Commissioner  of  Mining 
Statistics  for  1870,  gives  the  result  of  experiments  made  at  the  Met- 
tacom  Mill,  of  Austin,  Nevada. 


No.  of  drops 
per  minute. 

Horse-power, 
per  stamp. 

Increase 
of  power. 

Yield  in  tons, 
per  24  hours. 

Increase 
of  yield. 

GO 

90 

102 

1.36 
2.04 
2.22 

50  per  ct. 
10  per  ct. 

4M 
10 

15M 

122  per  ct. 
55  per  ct. 

By  increasing  the  speed  from  60  to  102  drops,  an  increase  in  speed 
of  70  per  cent.,  the  product  of  the  battery  was  increased  from  4 J  to 
15J  tons,  or  244  per  cent. 

Effect  of  Size  of  Screen  Openings  and  Area  of  Screens. — 
The  discharge  of  the  stamped  material  through  the  screens  of  the 
battery  depends  :  first,  on  the  size  and  total  area  of  screen  openings; 
second,  on  the  average  velocity  of  the  jets  of  slime  through  the  holes 
of  the  screen;  and,  finally,  on  the  thickness  of  the  slime  or  the  pro- 
portion of  solid  material  in  the  outflowing  water.  The  larger  the 
area  of  the  screens  the  greater  will  be  the  discharging  capacity  of 
the  battery. 

The  size  of  the  screen  openings  has  effect  in  several  ways :  first, 
the  smaller  the  openings  the  finer  the  ore  must  be  crushed,  fine 
screens  thus  increasing  the  work  of  crushing  and  diminishing  the 
crushing  capacity  of  the  battery  ;  secondly,  with  fine  openings  the 
friction  of  their  outflowingjets  is  increased,  and  therefore  their  velocity 
diminished;  and,  finally,  the  smaller  the  holes  the  less  will  be  their 
total  area  in  a  screen  of  given  size,  since  in  order  that  the  screen  may 
be  durable  it  is  necessary  to  have  the  metal  between  the  openings  of 
greater  proportional  thickness.  The  effect  of  diminishing  the  size 
of  the  screen  openings  is,  therefore,  to  diminish  both  the  crushing 
and  the  discharging  capacity  of  the  battery.  Rittinger,  as  the  result 
of  practical  experiments,  states  that  the  product  of  a  battery  is  pro- 
portional to  ^Vd^,  d  being  equal  to  the  diameter  of  the  screen-open- 


ings. 


The  discharge  of  the  slime  will  be  mainly  during  the  fall  of  the 
stamp,  the  suction  produced  in  the  lifting  of  the  stamp-head  having 
a  tendency  to  retard  or  check  the  outflow.     The  velocity  of  the  jets 
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of  slime  will  be  more  or  less  proportional  to  the  velocity  of  the  fall- 
ing stamps,  and  the  duration  of  the  jet  will  depend  on  the  time 
occupied  by  the  stamp  in  falling.  The  discliarge  of  slime  per  blow 
of  the  stamp  should,  therefore,  increase  with  increased  drop  of  the 
stamp,  the  higher  drop  giving  both  greater  velocity  and  longer  time 
of  falling.  The  total  discharge  in  a  given  time  should  be  propor- 
tional to  the  number  of  drops  or  splashes. 

The  thickness  of  the  slime,  that  is,  the  amount  of  solid  material 
in  a  given  volume,  will  be  greater  the  less  water  is  used,  and  the 
longer  the  slime  remains  in  the  battery  before  being  discharged.    By 
increasing  the  height  of  issue,  or  by  increasing  the  depth  of  mortar 
below  the  screen,  we  may  increase  the  volume  of  slime  in  the  mortar 
as  compared  with  the  volume  of  the  outflow,  and  thus  by  lengthen- 
ing the  time  in  the  mortar  increase  the  thickness  of  the  slime  and 
diminish  the  amount  of  water  required  to  effect  the  discharge  of  a 
certain  amount  of  ore.     In  Colorado  the  amount  of  water  required 
is  from  0.33  to  0.5  cubic  feet  per  head  per  minute.     Rittinger  attains 
a  similar  result,  and  at  the  same  time  utilizes  the  whole  height  of 
the  screen  for  the  discharge  of  the  slime,  by  closing  the  front  of  the 
battery  outside  of  the  screen,  and  regulating  the  discharge  by  a  spigot 
at  the  bottom.     With  this  stausatz  the  amount  of  water  required  for 
fine  stamping  is  0.3  cubic  feet  per  head  per  minute.     The  amount 
of  water  necessary  to  effect  the  discharge  may  thus  be  taken  at  15 
to  25  times  the  weight  of  the  stamped  material."    By  increasing  in 
some  such  manner  the  thickness  of  the  slime  it  is  possible  to  increase 
the  discharging  capacity  of  the  battery  without  enlarging  the  screen 
or  the  size  of  its  openings,  and  at  the  same  time  to  diminish  the 
amount  of  water  required.      With  the  large  amount  of  water  used 
it  is  evident  that  the  relative  thickness  or  thinness  of  the  slime  will 
have  little  or  no  influence  on  the  velocity  of  the  outflowing  jets. 

It  has  frequently  been  stated  by  writers  on  the  subject  that  the 
product  of  stamp-mills  is  limited  by  their  discharging  capacity  ;  that 
it  takes  longer  to  effect  the  discharge  of  the  ore  through  the  screens 
than  it  does  to  crush  it.  In  support  of  this  statement  an  experiment 
is  quoted,  said  to  have  been  made  in  California  some  years  ago.  A 
quantity  of  pulp,  which  had  already  once  passed  through  the  battery, 
was  recharged  in  the  mortar,  and  it  was  found  that  it  took  nearly  or 
quite  as  long  for  this  material  to  pass  through  the  screens  as  to  crush 
an  equal  amount  of  ore.  This,  however, ,  does  not  prove  that  the 
crushing  capacity  was  any  greater  than  the  discharge,  for  in  the 
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ordinary  work  of  the  battery  the  crashing  and  the  discharge  go  on 
together. 

If  the  crushing  capacity  of  a  battery  exceeds  the  capacity  of  dis- 
charge then  the  j)rodLict  of  the  battery  should  be  independent  of  the 
weight  of  the  stamp.  We  have  found,  on  tlie  contrary,  that  the 
product  increases  with  the  weight  of  the  stamp.  Again,  as  a  high 
drop  giv^es  longer  duration  and  greater  force  to  the  splash,  the  product 
of  stamps  with  a  high  drop  should  be  greater  than  that  of  stamps 
with  a  low  drop.  We  have  found  the  contrary  to  be  the  case. 
Finally,  the  area  of  the  screen  should  have  important  influence  on 
the  product  in  case  the  discharging  capacity  is  less  than  the  crushing 
capacity.  The  data  at  hand  to  decide  this  question  are  somewhat 
meagre.  In  the  report  for  1870  the  dimensions  of  the  screen  are 
given  in  the  case  of  twenty  mills  only.  Grouping  these  mills  ac- 
cording to  weight  and  drop  of  stamps  w^e  find  that  mills  with  screens 
12  inches  wide  give  as  good  results  as  mills  iuiving  16-inch  and  20- 
inch  screens.  A  single  mill  is  reported  as  having  a  screen  of  only 
10 X  12  inches  (!)  for  a  battery  of  five  stamps;  and  yet  the  product 
of  this  mill  is  as  high  as  the  average.  The  Colorado  stamp-mills 
have  screens  only  9  or  10  inches  wide,  yet  the  product  of  these  mills, 
when  the  drop  is  not  too  high,  is  as  large  as  the  average  of  the  Cali- 
fornia mills.  Finally,  the  Briggs  Mill,  in  Black  Hawk,  Colo.,  has 
double  discharge;  the  product,  however,  per  blow  of  the  stamp  is 
not  greater  than  the*  product  of  the  Bobtail  Mill,  with  screens  on  one 
side  only.  We  may  therefore  reasonably  infer  that,  with  the  ordi- 
nary dimensions  of  screen  as  used  in  California,  the  crushing  capacity 
of  the  battery  is  not  limited  by  the  conditions  of  discharge.  With 
soft  material,  ores  of  silver,  for  example,  W'hen  the  amount  crushed 
per  blow  of  the  stamp  is  greater,  it  may  be  necessary  to  use  larger 
screens,  or  even  to  employ  a  double  discharge  to  the  battery. 

Other  Conditions. — There  are  many  other  conditions  affecting 
the  product  of  a  stam])  battery  for  investigating  which,  unfortunately, 
we  have  no  data.  Among  these  are  the  ratio  of  the  total  area  of  the 
stamp  shoes  to  the  total  area  of  the  mortar,  involving  the  effect  on 
the  product  of  the  waste  space  in  the  mortar.  Other  questions  con- 
nected with  screen  dischari>;e  demand  investi<2:ation,  includino;  the 
best  slope  for  screen  plates,  area  necessary  for  a  certain  product, 
height  of  screens  above  mortar  bottom,  shape  of  screen  openings,  etc. 

K6SUME. — The  following  conclusions  may  be  drawn  from  the  data 
at  hand : 

1st.  The  product  of  a  stamp  battery,  other  things  being  equal,  is 
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directly  proportional  to  the  foot-pounds  developed  in  tlie  fall  of  the 
stamp,  and  to  the  number  of  blows  per  minute,  provided  only  that 
the  discharging  capacity  of  the  battery  be  equal  to  or  greater  than 
its  crushing  capacity. 

2d.  Both  the  force  of  each  blow  and  the  number  of  blows  per 
minute  may  apparently  be  increased  up  to  certain  limits  wdth  but 
slight  diminution  of  the  rock  crushed  per  horse-power,  provided 
that  the  discharge  be  increased  in  the  same  proportion. 

3d.  The  discharge  of  a  battery  depends  on  the  character  of  the 
screen  (its  area,  the  size  and  number  of  its  openings,  etc.),  and  on 
the  number  and  duration  of  the  splashes  produced  by  the  fall  of  tlie 
stamp.  The  discharge  cannot  therefore  be  increased  indefinitely, 
but  up  to  a  certain  limit  increases  in  proportion  to  the  speed  of  the 
battery  or  with  the  number  of  drops  per  minute. 

4th.  With  a  limited  discharge,  equal  to  or  less  than  the  crushing 
capacity  of  the  battery,  the  product  may  be  raised  by  increasing  the 
speed  but  cannot  be  raised  by  increasing  the  force  of  the  blow. 

5th.  A  light  stamp  with  a  high  drop  and  a  heavy  stamp  with  a 
low  drop  produce  nearly  equal  crushing  effect,  provided  that  the 
foot-pounds  developed  are  the  same.  The  advantage,  however,  is  in 
favor  of  the  heavy  stamp  and  low  drop. 

6th.  To  increase  the  crushing  effect  of  a  stamp  battery  it  is  better 
to  increase  the  weight  of  the  stamps  than  the  height  of  the  drops. 

7th.  A  drop  of  8  inches  has  been  generally  adopted  as  giving 
better  results  than  higher  drops.  It  i&  possible  that  still  lower  drops 
may  prove  economical. 

8th.  The  objection  to  higli  drops  does  not  seem  to  apply  to  high 
velocity  of  impact  a^  obtained  by  spring  stamps,  atmospheric  stamps, 
or  steam  stamps,  which  apparently  give  results  as  good  as,  or  even 
better  than  those  from  stamps  of  which  the  foot-pounds  are  due 
principally  to  weight. 

9th.  High  speed  and  high  velocity  of  impact  lessen  the  weight  of 
the  stamps  and  diminish  tlie  number  of  batteries  requisite  for  a  given 
amount  of  work,  and  therefore  lessen  the  first  cost  of  the  plant. 
These  smaller  batteries  do  not  demand  large  buildings  for  their 
accommodation,  nor  the  construction  of  large  and  expensive  founda- 
tions. To  offset  this  saving  must  be  placed  the  extra  wear  and 
tear  due  to  high  speeds. 

10th.  In  the  ordinary  construction  of  stamp  batteries  with  cams 
and  tappets  velocity  of  impact  can  be  secured  only  by  giving  the 
stamps  a  high  lift.     This  is  incompatible  with  high  speed.     But  as 
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we  have  already  shown,  under  the  conditions  of  limited  discharge, 
speed  is  more  to  be  desired  than  high  velocity  of  impact. 

11th.  With  steam  stamps,  atmospheric  stamps,  or  spring  stamps, 
both  high  velocity  of  impact  and  high  speed  can  be  secured.  By 
the  use  of  machines  of  this  character  the  maximum  effect  can  be 
obtained  with  the  smallest  plant.  The  product  that  can  be  obtained 
from  one  head  will  be  limited  by  mechanical  conditions,  and  by  the 
impossibility  of  increasing  the  discharge  beyond  a  certain  limit. 
The  last  limitation  will  operate  sooner  with  fine  screens  than  with 
coarse. 

12th.  In  fine  stamping  both  the  difficulty  of  discharge  and  the 
work  of  crushing  increase  with  the  fineness  of  the  product.  Accord- 
ing to  Rittinger  the  product  of  the  stamp  battery  is  proportional 
to  v^d^  in  which  d  is  the  diameter  of  the  screen  openings.  This 
ratio  seems  to  hold  good  with  the  stamp  mills  of  this  country, 
though  data  are  wanting  to  determine  this  exactly. 
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BY  R.    W.    RAYMOND,    PH.D.,   NEW  YORK. 

The  absence  of  a  convenient  glossary  of  terms  connected  with 
mining  and  metallurgy  has  long  been  felt  by  the  general  public.  It 
is  to  meet  this  want,  not  to  furnish  a  technical  manual  for  experts, 
that  the  following  glossary  has  been  prepared.  It  originated  in  an 
attempt  on  my  part  to  revise  for  publication  the  manuscript  of  a 
compilaticm  prepared  from  the  appendix  of  Yale's  work  on  Mining 
Titles  and  one  or  two  other  sources,  to  serve  as  an  appendix  to  a 
new  work  on  mining  law,  about  to  be  published  by  Mr.  H.  N.  Copp, 
of  Washington,  D.  C.  This  revision  soon  assumed,  contrary  to  my 
original  intention,  the  proportions  of  a  reconstruction  ;  and  with  the 
consent  of  Mr.  Copp,  and  for  the  purpose  of  receiving  from  my 
fellow-members  valuable  aid,  I  presented  my  still  incomplete  work 
as  a  paper  at  the  Lake  Superior  meeting  of  the  Institute,  inviting 
from  any  quarter  suggestions  of  new  terras  or  better  definitions  to 
be  incorporated  in  the  glossary  before  its  final  publication.  This 
invitation  was  so  widely  and  generously  responded  to,  that  I  cannot 
undertake  to  make  in  this  place  individual  acknowledgments  to 
those  members  of  the  Institute,  and  professional  colleagues  outside 
of  it,  who  have  favored  me  with  assistance  and  advice.  The  labor 
bestowed  upon  this  paper  since  its  presentation  at  the  Lake  Superior 
meeting  has  considerably  exceeded  that  of  its  first  preparation,  as 
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may  be  inferred  from  its  great  increase  in  length,  as  well  as  the 
numerous  alterations  which  it  has  undergone.  It  could  certainly  be 
still  further  enlarged  and  improved;  but  I  think  a  comparison  of  it 
with  any  of  the  glossaries  of  the  same  class  now  in  print  will  show, 
at  least,  that  it  is  an  advance  upon  what  has  hitherto  been  accom- 
plished. I.  shall  be  grateful,  however,  for  further  criticisms  and 
suggestions;  and  I  purpose  at  some  future  time  to  incorporate  in  a 
supplementary  paper  the  results  of  such  additional  collections  or 
corrections  as  I  may  obtain. 

To  avoid  too  great  prolixity,  I  adopted  at  the  outset  the  follow- 
ing general  principles  : 

1.  To  include  the  most  important  technical  words  and  phrases 
used  by  American  miners  and  metallurgists,  or  occurring  in  English 
books  and  periodicals. 

2.  To  exclude  Spanish,  French,  and  German  terms,  unless  they 
flill  under  the  rule  above  given.  The  Spanish  terms  included  are 
in  use  among  our  miners  in  the  far  West  and  Southwest. 

3.  To  exclude  almost  all  purely  scientific  terras,  such  as  those 
which  denote  the  operations  of  chemical  analysis,  the  chemical  names 
and  symbols  of  elements  and  compounds,  the  species  of  rocks  and 
minerals,  the  principles  of  general  physics  and  mechanics,  etc. 

4.  To  avoid  scientific  and  technical  explanations. 

5.  To  omit,  in  general,  self-explanatory  terms,  and  such  as  are 
common  to  all  m'echanical  and  manufacturing  trades. 

The  grounds  of  these  rules  are  evident.  It  was  neither  practica- 
ble nor  necessary  to  give  in  this  paper  what  could  be,  and  must  be, 
sought  in  technical  textbooks  or  general  dictionaries  and  cyclopae- 
dias. But  the  paper  as  presented,  and  to  a  still  higher  degree  as 
now  completed,  presents  numerous  exceptions  to  the  above  rules. 
Many  geological  terms,  for  instance,  are  so  common  among  miners, 
and  many  chemical  terms  are  so  common  among  metallurgists  as 
to  render  their  adoption  in  this  catalogue  justifiable.  The  difficulty 
has  been  to  "draw  the  line;"  and  this  has  been  done,  as  I  must  confess, 
somev/hat  arbitrarily,  and  rather  under  the  influence  of  a  desire  not 
to  overburden  the  Transactions  of  the  Institute  than  in  consistent 
obedience  to  any  rule. 

An  apology  should  be  made  for  the  obscurity  of  a  few  of  the 
definitions.  Many  terms  taken  from  English  glossaries  were  found, 
to  be  most  vaguely  defined  ;  and  in  most  cases  of  this  kind,  I  was 
able  to  improve  the  definitions;  but  there  remain  some  with  which 
I  was  neither  sufficiently  acquainted  to  amend  them  with  certainty, 
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nor  sufficiently  dissatisfied   to  strike  them  out  altogether,  nor  suf- 
ficiently satisfied  to  let  them  stand  without  any  explanation. 

In  many  instances,  the  locality  in  which  a  term  is  believed  to 
have  originated  or  to  be  peculiarly  in  use,  is  indicated  by  abbrevia- 
tions which  will  mostly  explain  themselves.  The  principal  regions 
named  are  England,  Scotland,  Wales,  France,  Germany,  the  United 
States,  Spain  (including  Mexico),  Australia,  Cornwall,  Derbyshire, 
Staffordshire,  Newcastle,  Devonshire,  Lake  Superior,  Pennsylvania, 
and  the  Pacific  slope  (including  the  mining  districts  of  the  Rocky 
Mountains).  It  must  be  understood  that  the  naming,  in  this  con- 
nection, of  any  one  locality  does  not  exclude  the  use  of  the  term  in 
other  localities;  and  particularly  that  in  this  country  the  circulation 
both  of  miners  and  metallurgists,  and  of  books  and  journals  from  all 
the  world  has  brought  into  use  a  heterogeneous  technical  vocabu- 
lary. This  is  especially  the  case  in  the  gold,  silver,  and  lead  mining 
districts  of  the  West,  where  all  the  names,  phrases,  and  theories  that 
anybody  anywhere  at  any  time  has  cultivated,  together  with  a  crop 
of  indigenous,  spontaneous  growth,  seem  to  flourish  vigorously. 

GLOSSARY. 

Absirich,  Germ.  The  black  or  greenish-brown  mass  {black  lith- 
arge) appearing  upon  the  bath  of  work-lead  early  in  the  cupelling- 
process,  and  gradually,  as  the  process  advances,  giving  way  to  pure 
litharge. 

Abzuff,  Germ.  The  first  scum  appearing  (before  the  absfrich)  on 
the  surface  of  molten  lead. 

Adit.  A  nearly  horizontal  passage  from  the  surface,  by  which  a 
mine  is  entered  and  unwatered.  In  the  United  States  an  adit  is 
usually  called  a  tunnel,  though  the  latter,  strictly  speaking,  passes 
entirely  through  a  hill,  and  is  open  at  both  ends. 

Adlings,  Eng.     Earnings. 

Adobe,  Sp.     Clay  suitable  for  adobes  or  sun-dried  bricks. 

Adventurers,  Eng.  Shareholders  or  partners  in  a  mining  enter- 
prise; in  Cornwall,  cost-book  partners. 

After-damp,  Eng.  The  irrespirable  gas,  consisting  of  nitrogen 
and  carbonic  acid  chiefly,  remaining  after  an  explosion  o^ fire-damp. 

Agitator,  Pag.     See  Settler. 

AicKs  metal.     See  Gun-metal. 

Air-head,  or  Air-heading,  S.  Staf.  A  smaller  passage,  driven 
parallel  with  the  gate-road,  and  near  its  roof,  to  carry  the  ventilating 
current.  It  is  connected  with  the  gate-road  at  intervals  by  openings 
called  spouts. 


102      A    GLOSSARY   OF   MINING   AND    METALLURGICAL   TERMS. 

Air-redudion  process.     See  Roasting  and  Reaction  process. 

Aitch-p)iece.     See  H-'piece. 

Alberti  furnace.  A  continuously  working  reverberatoiy  furnace 
for  the  roasting  of  quicksilver  ores,  with  condensation  of  the  mercury 
in  iron-tubes  and  brick  chambers. 

Alligator.    1.  See  Squeezer.    2.  A  rock-breaker  operating  by  jaws. 

Alloy.     A  compound  of  two  or  more  metals  fused  together. 

Alluvium.  The  earthy  deposit  made  by  running  streams,  especially 
in  times  of  flood. 

Aludel.  An  earthen  condenser  for  mercury.  See  Bustamente 
furnace. 

Aluminimn  ores.  Cryolite,  a  fluoride  of  sodium  and  aluminium, 
found  in  Greenland  ;  bauxite,  Si  hydrous  compound  of  alumina,  ferric 
oxide  and  silica. 

Amalgamation.  1.  The  production  of  an  amalgam  or  alloy  of 
mercury.  2.  The  process  in  which  gold  and  silver  are  extracted 
from  pulverized  ores  by  producing  an  amalgam,  from  which  the 
mercury  is  afterwards  expelled.     See  Retorting. 

Amalgamator.  1.  A  machine  for  amalgamating  ores.  2.  The 
workmen  in  charge  of  sucli  a  machine. 

American  forge.     See  Catalan  forge. 

Anemometer.  An  instrument  for  measuring  the  rapidity  of  an  air- 
current. 

Annealing.  1.  The  gradual  cooling  of  glass  or  metal  from  a  high 
temperature,  to  render  it  less  brittle.     2.  See  Malleable  castings. 

Anthracite.     See  Coal. 

Anticlinal.  The  line  of  a  crest,  above  or  under  ground,  on  the 
two  sides  of  which  the  strata  dip  in  opposite  directions.  The  con- 
verse of  synclinal. 

Antimony  ores.  Native  antimony  ;  stlhnlte  (sulphide  of  antimony) ; 
valentlnite  and  senarmontlte  (oxides). 

Apex.  In  the  U.  S.  Revenue  Statutes,  the  end  or  edge  of  a  vein 
nearest  the  surface. 

Apolvlllados,  Sp.     Ores  superior  in  quality  to  the  azogues. 

Appolt  oven.  An  oven  for  the  manufacture  of  coke,  diifering  from 
the  Belgian  in  that  it  is  divided  into  vertical  compartments. 

Aprons.     See  Copper-plates. 

Arch,  Corn.  1.  A  portion  of  a  lode  left  standing  when  the  rest  is 
extracted,  to  support  the  hanging  loall  or  because  it  is  too  poor  for 
profitable  extraction.     2.  The  roof  of  a  reverberatory  furnace. 

Arenaceous.     Sllicious  or  sandy  (of  rocks). 

Arends'  tap.     An  arrangement  by  which  the  molten  lead  from  the 
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crucible  of  a  shaft-furnace  is  drawn  through  an  "inverted  siphon  '^ 
into  an  exterior  basin,  from  which  it  can  be  ladled  without  disturb- 
ing the  furnace. 

ArenilloSj  Sp.     Refuse  earth. 

Argentiferous.     Containing  silver. 

Argillaceous.     Containing  clay. 

Ann.     The  inclined  member  or  leg  of  a  set  or  frame  of  timber. 

Arrastre,  Sp.  Apparatus  for  grinding  and  mixing  ores  by  means 
of  a  heavy  stone  dragged  around  upon  a  circular  bed.  The  arrastre 
is  chiefly  used  for  ores  containing  free  gold,  and  amalgamation  is 
combined  with  the  grinding.  Sometimes  incorrectly  written  arraster, 
arrastra,  or  raster. 

Arroba,  Sp.     Twenty-five  pound  avoirdupois. 

Arsenin  ores.  ISTative  arsenic  ;  mispickel  (ctrsenopgrite,  arsenical 
2')grites.,  arseno- sulphide  of  iron). 

Ascension-theory.  The  theory  that  the  matter  filling  fissure- veins 
was  introduced  in  solution  from  below. 

Ash-pit.     The  receptacle  for  ashes  under  a  fire-place. 

Assag.  To  test  ores  and  minerals  by  chemical  or  blowpipe  ex- 
amination ;  said  to  be  in  the  drg  wag  when  done  by  means  of  heat 
(as  in  a  crucible),  and  in  the  icet  or  humid  wag  when  by  means  of 
solution  and  precipitation  or  liquid  tests.  An  assay  differs  from  a 
complete  analysis  in  being  confined  to  the  determination  of  certain 
ingredients,  the  rest  not  being  determined.  Both  assays  and  analyses 
may  be  either  qualitative  or  quantitative ;  that  is,  they  may  determine 
the  presence  merely,  or  also  the  amount,  of  some  or  all  of  the  con- 
stituents of  the  substance  examined.  The  assay  value  of  gold  and 
silver  ores  is  usually  determined  in  Troy  ounces  (or,  for  gold,  penny- 
weights) per  ton  (2000  pounds  avoirdupois)  of  ore.  See  Assag  ton. 
When  reported  in  money  value,  the  ounce  of  gold  is  taken  at 
$20.6718.  A  ton  of  pure  gold  would  be  worth  $602,928.51 ;  the  value 
of  $6  per  ton  would  be  by  weight  one-thousandth  percent.,  and  so 
on.  Silver  varies  greatly  in  market  value;  but  assayers  often  report 
their  results  according  to  the  old  U.  S.  standard,  which  made  the  ounce 
of  pure  silver  worth  $1.2929.  The  ton  of  silver  at  this  rate,  would 
be  worth  |37,7 10.40  ;  the  value  of  $37  per  ton  would  be  by  weight 
one-tenth  per  cent.,  and  so  on.  For  ordinary  gold  and  silver  ores, 
it  is  evident  that  the  percentages  would  be  inconveniently  small  as 
expressions  of  value.  Assays  of  lead,  copper,  iron,  etc.,  are  reported 
in  percentages. 

Assay-ton.  A  weight  of  29.166|  grams.  Since  one  ton  of  2000 
pounds  avoirdupois  contains  29,166|  troy  ounces,  it  is  evident  that 
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each  milligram  of  gold  or  silver  obtained  from  one  assay-ton  of  ore 
represents  one  ounce  troy  to  the  ton  of  2000  pounds  avoirdupois. 

Assessment-ioork,  Pac.  The  work  done  annually  on  a  mining 
claim  to  maintain  possessory  title. 

Astel.     Overhead  boarding  or  arching  in  a  gallery. 

Astyllen,  Eng.     A  small  dam  in  an  adit  or  level,  to  check  water. 

AtierreSj  Sp.     Refuse  ores. 

Attle,  Corn.     Refuse  rock. 

Auger-nose  shell.     See  Wimble. 

Auger-stem,     The  bar  to  which  a  drilling-hit  is  attached. 

Auget  or  Augette.     A  priming  tube,  used  in  blasting. 

Augustin  process.  The  treatment  of  silver  ores  by  chloridizing, 
roasting,  lixiviation  with  hot  brine,  and  precipitation  w^ith  copper. 

Auriferous.     Containing  gold. 

Average  produce,  Corn.  The  quantity  of  pure  or  fine  copper  in 
one  hundred  parts  of  ore. 

Average  standard,  Corn.  The  price  per  ton  of  pure  or  fine  cop- 
per in  the  ore. 

Aviador,  Sp.  A  person  who  habilitates  a  mine  ;  that  is,  who  fur- 
nishes the  money  for  working  it  by  a  contract  with  proprietors. 

Azogueria,  Sp.  1.  The  amalgamating  w^orks.  2.  The  processs  of 
amalgamation. 

Azogues,  Sp.     Common  or  inferior  ores. 

Bach,  Corn.  1.  With  reference  to  an  adit,  drift  or  stope,  the 
part  of  the  vein  between  it  and  the  next  working  above,  or  the  sur- 
face.    2.  See  Face. 

Bach-casing,  Eng.  A  temporary  shaft-lining  of  bricks  laid  dry, 
and  supported  at  intervals  upon  curbs.  When  the  stone- head  has 
been  reached,  the  permanent  masonry  lining  is  built  upon  it  inside 
of  the  back-casing. 

Bach-end,  Newc.  The  part  of  a  judd  remaining  after  the  sump 
has  been  removed. 

Baching  deals,  Newc.  Planks  driven  vertically  behind  the  curbs 
in  a  shaft  from  one  curb  to  another. 

Back-shift.  The  second  set  of  miners  working  in  any  spot  each 
day. 

Back-skiUy  Newc.  A  leather  covering  worn  by  men  in  wet 
workings. 

Bait,  Newc.     A  pitman's  provisions. 

Bal,  Corn.     A  mine. 

Balance-hob.     A  heavy  lever  ballasted  at  one  end,  and  attached 
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at  the  other  to  the  pump-rod,  the  weight  of  which  it  thus  helps  to 
cany.  When  the  shaft  is  deep,  and  the  pump-rods  are  consequently 
very  heavy,  balance-bobs  are  put  in  at  intervals  of  200  or  300  feet, 
thus  relieving  the  strain  on  the  rods  themselves  and  on  the  engine. 

Balk,  Newc.     a  hitch  producing  a  nip. 

JSalland,  Derb.     Pulverulent  lead  ore. 

Ballast-shovel.     A  round-mouthed  shovel. 

Balling.  The  aggregation  of  iron  in  the  puddling  or  the  bloom- 
ary  process  into  halls  or  loups. 

Ball-stamp,  Lake  Sup.  A  stamp  for  crushing  rock,  operated 
directly  by  steam-power,  the  stem  of  the  stamp  being  at  the  same 
time  the  piston-rod  of  a  steam  cylinder. 

Band,  Newc.     Stone  interstratified  with  coal. 

Bank  1.  (Derb.  or  ^^ti A:).  The  face  of  the  coal  at  which  miners 
are  w^orking.  2.  An  ore-deposit  or  coal-bed  worked  by  surface  ex- 
cavations or  drifts  above  water-level.  3.  Eng.  The  ground  at  the 
top  of  a  shaft.  Ores  are  brought  ''  to  bank,'^  i.  e.,  "  to  grass.^'  See 
Grass. 

Banksman,  Newc.     See  Lander. 

Bar.  1.  A  drilling  or  tamping-rod.  2.  A  vein  or  dike  crossing 
a  lode.     3.  A  sand  or  rock  rido;e  crossino-  the  bed  of  a  stream. 

Bar-diggings,  Pac.  Gold-washing  claims  located  on  the  bars 
(shallows)  of  a  stream,  and  worked  when  the  water  is  low,  or  other- 
wise with  the  aid  of  coffer-dams. 

Barilla,  Sp.  Native  copper  disseminated  in  grains  in  copper 
ores. 

Barmaster,  Derb.  A  mining  official  who  collects  the  dues  or 
royalties,  presides  over  the  bar  mote,  etc.     (From  Germ.  Bergmeister.) 

Barmote,  Derb.     A  mining  court. 

Barney.  A  small  car  attached  to  a  rope  and  used  to  push  cars 
up  a  slope  or  inclined  plane. 

Barranca,  Sp.     A  ravine. 

Barrel.  1.  The  water-cylinder  of  a  pump.  2.  A  piece  of  small 
pipe  inserted  in  the  end  of  a  cartridge  to  carry  the  squib  to  the  pow- 
der.    3.  A  vessel  used  in  amalgamation. 

Barrel-amalgamation.  The  amalgamation  of  silv^er  ores  by  revo- 
lution in  wooden  barrels  w'ith  quicksilver,  metallic  iron,  and  water. 

Barrel-work,  Lake  Sup.  Native  copper  occurring  in  pieces  of  a 
size  to  be  sorted  out  by  hand  in  sufficient  purity  for  smelting  with- 
out mechanical  concentration. 

Barrier-pillars.     Pillars  of  coal,  larger  than   ordinary,  left  at  in- 
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tervals  to  prevent  too  extensive  crushing  when  the  ground  comes  to 
be  robbed. 

Barrov^,  Corn.  1.  A  heap  of  attle  or  rubbish ;  a  dump.  2.  A 
vehicle  in  which  ore,  coal,  etc.,  are  wheeled. 

Barroiomen,  jN^ewc.     See  Putters. 

Barroio-way,  Newc.  A  level  through  which  coal  or  ore  is 
wheeled. 

Base  bullion.     See  Bullion. 

Base  metals.  The  metals  not  classed  as  noble  or  precious.  See 
Noble  metals. 

Basic.  In  furnace  practice,  a  slag  in  which  the  earthy  bases  are 
in  excess  of  the  amount  required  to  form  a  neutral  slag  with  the 
silica  present. 

Basic  lining.  A  lining  for  furnaces,  converters,  etc.,  formed  of 
non-silicious  material,  usually  limestone,  dolomite,  lime,  magnesia, 
or  iron  oxide. 

BasiG-lining  process.  An  improvement  of  the  Besseraer  process^ 
in  which,  by  the  use  of  a  basic  lining  in  the  converter  and  by  the 
addition  of  basic  materials  during  the  blow,  it  is  possible  to  eliminate 
phosphorus  from  the  pig  iron,  and  keep  it  out  of  the  steel. 

Basin.  1.  A  natural  depression  of  strata  containing  a  coal  bed 
or  other  stratified  deposit.     2.  The  deposit  itself. 

Bass  or  batt.     See  Bind. 

Basset,  Derb.     An  outcrop  ;  the  edge  of  a  stratum. 

Batch,  Corn.  The  quantity  of  ore  sent  to  the  surface  by  a  pare 
of  men. 

Batea,  Sp.  A  large  wooden  bowl  in  which  gold-bearing  earth 
or  crushed  ore  is  washed  in  the  same  way  as  in  a  pan. 

Bath.  A.  mass  of  molten  material  in  a  furnace,  or  of  solution  in  a 
tank. 

Batt.     See  Bind. 

Battery.  1.  A  set  of  stamps  in  a  stamp-mill,  comprising  the  num- 
ber which  fall  in  one  mortar,  usually  five.  2.  A  bulkhead  of  tim- 
ber.    3.  The  plank  closing  the  bottom  of  a  coa^c/iw^e. 

Battery-amalgamation.  Amalgamation  by  means  of  mercury 
placed  in  the  mortar. 

Battery-assay.     See  Pulp-assay. 

Bauxite.     See  Aluminium-ores. 

Beans,  Newc.     Small  coals. 

Bean-shot.     Copper  granulated  by  pouring  into  hot  water. 

Bear.     1.  See  Salamander.     2.  See  Loup. 

Bearing.     See  Strike. 


A    GLOSSARY   OF   MINING    AND    METALLURGICAL   TERMS.       107 

Bed.  A  seam  or  deposit  of  mineral,  later  in  origin  than  the  rock 
belovVj  and  older  than  the  rock  above ;  that  is  to  say,  a  regular  mem- 
ber of  the  series  of  formations,  and  not  an  intrusion. 

Bedded  vein.  VYO\)eY\y  bed- vein  {Lagergang  o^  the  Germans); 
a  lode  occupying  the  position  of  a  bed,  that  is,  parallel  with  the 
stratification  of  the  inclosing  rocks. 

Bede.     A  miner's  pickaxe. 

Bed-rock,  Pac.  The  solid  rock  underlying  alluvial  and  other 
surface  formations. 

Bed-way.  An  appearance  of  stratification,  or  parallel  marking, 
in  granite. 

Beehive  oven.  An  oven  for  the  manufacture  of  coke,  shaped 
like  the  old-fashioned  beehive. 

Belgian  oven.  A  rectangular  oven  with  end-doors  and  side-flues 
for  the  manufacture  of  coke. 

Belgian  zinc- furnace.  A  furnace  in  which  zinc  is  reduced  and 
distilled  from  calcined  ores  in  tubular  retorts. 

Bell  and  hopper.     See  Cap  and  cone. 

Belly-helve,  Eng.  A  forge-hammer,  lifted  by  a  cam  w^hich  acts 
about  midway  between  the  fulcrum  and  the  head. 

Bell-metal.  A  hard  bronze,  containing  sometimes  small  propor- 
tions of  iron,  zinc,  or  lead,  but  ordinarily  consisting  of  78  parts  cop- 
per to  22  tin. 

BelVs  dephosphorizing  process.  The  removal  of  phosphorus  from 
molten  pig  iron  in  a  puddling  furnace,  lined  with  iron  oxide  and 
fitted  with  a  mechanical  rabble  to  agitate  the  bath.  Ked-hot  iron 
ore  is  added.     See  Krwpp's  washing  process. 

Bench.  1.  One  of  two  or  more  divisions  of  a  coal  seam,  sepa- 
rated by  slate,  etc.,  or  simply  separated  by  the  process  of  cutting  the 
coal,  one  bench  or  layer  being  cut  before  the  adjacent  one.  2.  To  cut 
the  coal  in  benches. 

BencJiing-up,  Newc.     Working  on  the  top  of  coal. 

Bend  or  Bind,  Derb.     Indurated  clay. 

Benejiciar,  Sp.  To  benefit.  To  work  or  improve  a  mine  ;  to 
reduce  its  ores;  to  derive  profit  or  advantage  from  working  it. 
Beneji elation,  sometimes  used  in  English,  usually  means  the  reduc- 
tion of  ores. 

Bessemer  iron.     Pig  iron  suitable  for  the  Bessemer  process. 

Bessemer  process.  The  process  of  decarburizing  a  bath  of  molten 
cast  iron  by  blowing  air  through  it,  in  a  vessel  called  a  converter. 

Biche.  A  tool  ending  below  in  a  conical  cavity,  for  recovering 
broken  rods  from  a  bore-hole. 
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Billet  1.  Iron  or  steel,  drawn  from  a  pile,  bloom,  or  ingot  into 
a  small  bar  for  further  manufacture.     2.  A  small  bloom. 

Bind,  Derb.     See  Bend. 

Bing,  North  Eng.     Eight  hundred  weight  of  ore. 

Bing-ore,  Derb.     Ore  in  lumps. 

Bing-hole,  Derb.     A  hole  or  shoot  through  which  ore  is  thrown. 

Bing-tale,  North  Eng.     See  Tribute. 

Bismuth-ores.  Native  bismuth ;  bismuth  ochre  (oxide) ;  bismuthine 
(sulphide);  also,  bismuthiferous  cobalt,  silver  and  copper  ores. 

Bit.     The  cutting  end  of  a  boring  implement. 

Bituminous  coal.     See  CoaL 

Black-band.,  An  earthy  carbonate  of  iron,  accompanying  coal- 
beds.  Extensively  worked  as  an  iron  ore  in  Great  Britain,  and  some- 
what in  Ohio. 

Black-copper.     Impure  copper  from  smelting,  before  refining. 

Black-damp,  Eno.     Carbonic  acid  gas. 

Black-ends,  Eng.     Refuse  coke  from  coking-ovens. 

Black-flux.     A  mixture  of  charcoal  and  potassium  carbonate. 

Black-jack,  Corn.     Zinc-blende;  sometimes  hornblende. 

Black-lead.     Graphite. 

Black  litharge.     See  Abstrich. 

Black-plate.     Sheet  iron  before  tinning. 

Black-tin,  Corn.     Tin  ore  prepared  for  smelting. 

Blair  process.     An  improved  form  of  the  Chenot  process. 

Blanch.     Lead  ore,  mixed  with  other  minerals. 

Blanched  copper.     An  alloy  of  copper  and  arsenic. 

Blanket- sluices.  Sluices  in  which  coarse  blankets  are  laid,  to 
catch  the  fine  but  heavy  particles  of  gold,  amalgam,  etc.,  in  the 
slime  passing  over  them.  The  blankets  are  removed  and  washed 
from  time  to  time,  to  obtain  the  precious  metal. 

Blast.  1.  The  operation  o^  blasting,  or  rending  rock  or  earth  by 
means  of  explosions.  2.  The  air  forced  into  a  furnace  to  accelerate 
combustion,  3.  The  period  during  which  a  blast  furnace  is  in  blast, 
that  is,  in  operation. 

Blast  furnace.  A  furnace,  usually  a  shaft-furnace,  into  which  air 
is  forced  under  pressure. 

Blasting -stick.     A  simple  form  of  fuse. 

Bleaching -clay,  Corn.  Kaolin,  used  with  size,  to  whiten  and 
give  weight  and  substance  to  cotton  goods. 

Bleiberg  farno,ce.     See  Car inthian  furnace. 

Blende.     See  Zinc-ores. 
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Blich^QcE^M.  The  brightening  or  iridescence  appearing  on  silver 
or  gold  at  the  end  of  the  cupelling  or  refining  process. 

Blind  level.  1.  A  level  not  vet  connected  with  other  workinors. 
2.  A  level  for  drainage,  having  a  shaft  at  either  end,  and  acting  as 
an  inverted  siphon. 

Blind- shaft.     See  Winze. 

Blister -steel.     See  Steel. 

Bloat.     A  hammer  swelled  at  the  eye. 

Block-coal,  U.  S.     See  Coal. 

Block- furnace.     See  Bloomary. 

Block  tin.     Cast  tin. 

Bloom.  1.  A  large  steel  bar,  drawn  from  an  ingot  for  further 
manufacture.  2.  A  rough  bar  of  iron,  drawn  from  a  Catalan  or 
bloomary  ball,  for  further  manufacture.     See  Billet. 

Bloomary.  A  forge  for  making  wrought-iron,  usually  direct 
from  the  ore.  The  sides  are  iron  plates,  the  hair-jplate  at  the  back, 
the  cinder-plate  at  the  front,  the  tuyere-iolate  (through  which  the 
tuyere  passes)  at  one  side  (its  upper  part  being  called  in  some  bloora- 
arles  the  m.err it-plate)  the  fore  spar  plate  opposite  the  tiiyere-iplate 
(its  upper  part  being  the  sketo -plate)  and  the  bottom-plate  at  the  bot- 
tom. 

Blossom.  The  oxidized  or  decomposed  outcrop  of  a  vein  or  coal- 
bed,  more  frequently  the  latter.  Also  called  smut  and  tailing.  See 
Gossan. 

Blow.     A  single  heat  or  operation  of  the  Bessemer  converter. 

Blower,  ^E\YG.  1.  A  strong  discharge  of  gas  from  a  fissure.  2. 
A  fan  or  other  apparatus  for  forcing  air  into  a  furnace  or  mine. 

Bloio-george.     A  hand-fan. 

Blow-in.     To  put  a  blast  furnace  in  operation. 

Blow-out.  1.  To  put  a  blast  furnace  out  of  blast,  by  ceasing  to 
charge  fresh  materials,  and  continuing  the  blast  until  the  contents  of 
the  furnace  have  been  smelted.  2.  A  large  outcrop,  beneath  which 
the  vein  is  smaller,  is  called  a  blow-out.  3.  A  shot  or  blast  is  said 
to  blow  out  when  it  goes  off  like  a  gun  and  does  not  shatter  the 
rock. 

Blowpipe.  A  tube  through  which  air  is  forced  into  a  flame,  to 
direct  it  and  increase  its  intensity.  In  the  compound  blowpipe,  two 
jets  of  gas  (one  of  which  may  be  air)  are  united  at  the  point  of  com- 
bustion. 

Blue-billy,  Eng.  The  residuum  of  cupreous  pyrites  after  roasting 
with  salt. 

Blue-John,  Derb.     Fluorspar. 
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Bluelead.  (Pronounced  like  the  verb  to  lead.)  The  bluisli  aurifer- 
ous gravel  and  cement  deposit  found  in  the  ancient  river-channels  of 
California. 

Blue  metal.     See  Metal. 

Blue  peach,  Corn.  A  slate-blue,  very  fine-grained  schorl-rock. 

Blue  stone.  Copper-vitriol;  copper-sulphate. 

Boards.  The  first  set  of  excavations  in  post-and-stall  work. 

Boat  level,  Wales.  A  navigable  adit. 

Bob,  Corn.  A  triangular  frame,  by  means  of  which  the  horizon- 
tal motion  imparted  from  an  engine  is  transformed  into  a  vertical 
motion  of  the  pump-rods  in  a  shaft. 

Bob-station.     See  Station. 

Bog-iron  ore.  A  loose,  earthy  brown  hematite,  of  recent  origin, 
formed  in  swampy  ground. 

Boiling.    See  Puddling, 

Bonanza^  Sp.  Literally,  fair  weather.  In  miners'  phrase,  good 
luck,  or  a  body  of  rich  ore.  A  mine  is  in  bonanza  ^when  it  is  profit- 
ably producing  ore. 

Bone.    The  slaty  matter  intercalated  in  coal-seams. 

Bonnet.  A  covering  over  a  cage  to  shield  it  from  objects  falling 
down  the  shaft. 

Boniicy,  Corn.    An  isolated  body  of  ore. 

Booming.  The  accumulation  and  sudden  discharge  of  a  quantity 
of  water  (in  placer  mining,  where  water  is  scarce).  See,  also,  Hush- 
ing. 

Boot.  A  leather  or  tin  joint  connecting  the  blast-main  with  the 
tuyere  or  nozzle  in  a  bloom arg. 

Bard,  Newc.  A  passage  or  breast,  driven  up  the  slope  of  the 
coal  from  the  gangway,  and  hence  across  the  grain  of  the  coal. 

Bord.    See  Boards,  Breast,  and  Post-and-stall. 

Board -and -pillar.   See  Post  and -stall. 

Borer.   See  Drill. 

Borrasca,  Sp.    The  converse  of  bonanza.     Barren  rock. 

Bort.    Opaque  black  diamond. 

Bosh.  1.  A  trough  in  which  bloomary  tools  (or,  in  copper-smelt- 
ing, hot  ingots)  are  cooled.  2.  (Or,  Boshes.)  The  portion  of  a 
shaft  furnace  in  which  it  widens  from  above  the  hearth  up  to  its 
maximum  diameter. 

Bottom-lift.  The  deepest  lift  of  a  mining-pump,  or  the  lowest 
pump.  . 

Bottomer,  Eng.  The  man  stationed  at  the  bottom  of  a  shaft  in 
charge  of  the  proper  loading  of  cages,  signals  for  hoisting,  etc. 
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Bottoms,  Corn.  1.  The  deepest  workings.  2.  In  copper-smelt- 
ing, the  impure  metallic  copper,  or  cupriferous  alloy,  vvhicli  separates 
from  the  matt,  and  is  found  below  it,  when  there  is  not  enough  sul- 
phur present  to  retain  in  combination  all  the  copper. 

Boulder  or  Bowlder.  A  fragment  of  rock  brought  by  natural 
means  from  a  distance  (though  this  notion  of  transportation  from  a 
distance  is  not  always,  in  later  usage,  involved)  and  usually  large 
and  rounded  in  shape.  Cobble  stones  taken  from  river-beds  are,  in 
some  American  localities,  called  boulders. 

Bounds,  Corn.    A  tract  of  tin-ore  ground. 

Bout,  Derb.    a  measure  of  lead-ore;  twenty-four  dishes. 
.  Bowke,  S.  Staff.  A  small  wooden  box  in  which  iron-ore  is  hauled 
underground. 

Bowse  or  Bouze,  Derb.    Lead-ore  as  cut  from  the  lode. 

Box-bill.  A  tool  used  in  deep  boring  for  slipping  over  and  recov- 
ering broken  rods. 

Box-groove.  A  closed  groove  between  two  rolls,  formed  by  a  collar 
on  one  roll,  fitting  between  collars  on  another  roll. 

Box-timbering.   See  Flank  timbering. 

Brace,  Corn.    The  mouth  of  a  shaft. 

Brace-head.  A  cross-attachment  at  the  top  of  the  column  of  rods 
in  deep  boring,  by  means  of  which  the  rods  and  bit  are  turned  after 
each  drop. 

Brace-key.    See  Brace-head. 

Braize,  U.  S.    Charcoal-dust.  See  Breeze. 

Brake- sieve.    A  jigger,  operated  by  a  hand -lever. 

Brakesman.    The  man  in  charge  of  a  winding-engine. 

Brances.   See  Brasses. 

Branch.  Corn.  A  small  vein  departing  from  the  main  lode,  and 
in  some  cases  returning. 

Basque.  A  lining  for  crucibles  or  furnaces  ;  generally  a  compound 
of  clay,  etc.,  with  charcoal-dust. 

Brass.    An  alloy  of  copper  and  zinc. 

Brasses,  Eng.  and  Wales.     Pyrites  (sulphide  of  iron)  in  coal. 

Brat,  Eng.  and  Wales.  A  thin  bed  of  coal  mixed  with  pyrites 
or  carbonate  of  lime. 

Brattice,  Eng.,  Scot.,  and  Wales.  A  plank  lining,  or  a  longi- 
tudinal partition  of  wood,  brick,  or  even  cloth,  in  a  shaft,  level,  or 
gangway,  generally  to  aid  ventilation. 

Brazil.     Iron  pyrites. 

Breaker.     See  Coal-breaker  and  Rock-breaker. 

Breast.     1.  The/ace  of  a  working.     2.  In  coal  mines,  the  cham- 
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ber  driven  upwards  from  the  gangway^  on  the  seam,  between  pillars 
of  coal  left  standing,  for  the  extraction  of  coal.  3.  That  side  of  the 
hearth  of  a  shaft-furnace  which  contains  the  metal-notch. 

Breast-hoards.  Planking  placed  between  the  last  set  of  timbers 
and  the  ftce  of  a  gangioay  or  heading  which  is  in  quicksand  or  loose 
ground. 

Breccia.     A  conglomerate  in  which  the  fragments  are  angular. 

Br  ceding -fire.     See  Gob-fire. 

Breeze^  Eng.  Small  coke.  Probably  connected,  perhaps  inter- 
changeable, with  Braize,  and  both  with  the  Fr.  Braise. 

Brettis,  Dekb.     A  crib  of  timber  filled  up  with  slack  or  waste. 

Brettis-way.  A  road  in  a  coal-mine,  supported  by  brettises  built  on 
each  side  after  the  coal  has  been  worked  out. 

Bridge.     See  Bcverheratory  furnace. 

Bridle-chains.  Safety-chains  to  support  a  cage  if  the  link  between 
the  cage  and  rope  should  break. 

Brightening .     See  Blick. 

Broaching -bit.  A  tool  used  to  restore  the  dimensions  of  a  bore- 
hole which  has  been  contracted  by  the  swelling  of  the  marl  or  clay 
walls. 

Brob.  A  peculiar  spike,  driven  alongside  the  end  of  an  abutting 
timber  to  prevent  its  slipping. 

Broil  or  Broyl,  Corn.     See  Bryle. 

Broken  coal,  Pexn.     See  Coal. 

Bronze.     An  alloy  of  copper  and  tin. 

Brood,  Corn.     The  heavier  kinds  of  waste  in  tin  and  copper  ores. 

Brown  coal.     See  Coal. 

Browse.     Ore  imperfectly  smelted,  mixed  with  cinder  and  clay. 

Bruckner  cylinder,  Pag.     A  form  of  revolving  roasting  furnace. 

Bryle,  Corn.  The  traces  of  a  vein,  in  loose  matter,  on  or  near  the 
surfoce. 

Buckcr,  Derb.  A  flat  piece  of  iron  with  a  wooden  handle,  used 
for  breaking  ore. 

Bucket.     The  piston  of  a  lifting-pump. 

Bucking,  Derb.  See  Cobbing.  The  bucking-hammer  or  buck- 
ing-iron is  a  broad-headed  hammer  used  for  this  purpose;  and  the 
ore  is  broken  on  a  flat  piece  of  iron  (bucking-jolate). 

Buckshot-cinder.  Cinder  from  the  iron  blast-furnace,  containing 
grains  of  iron. 

Buckwheat-coal,  Penn.     See  Coal. 

Buddie,  Corn.  An  inclined  vat  or  stationary  or  revolving  plat- 
form upon  which  ore  is  concentrated   by  means  of  running  water. 
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Strictly  the  huddle  is  a  shallow  vat,  not  a  platform  or  tabic  ;  at  least 
not  in  some  localities.  Bat  general  usage,  particularly  on  the  Pa- 
cific slope,  makes  no  distinction. 

Buggy,     A  small  mine-wagon  holding  -J  ton  to  1  ton  of  coal. 

Buhr stone.     A  quartz  rock  containing  cellules. 

Bidtron,  Sp.  A  furnace  of  peculiar  construction,  in  which  silver 
ore  is  reduced. 

Bulkhead.  1.  A  tight  partition  or  stopping  in  a  mine  for  pro- 
tection against  water,  fire,  or  gas.  2.  The  end  of  a  flume,  whence 
water  is  carried  in  iron  pipes  to  hydraulic. workings. 

Bull.     See  Clay-iron. 

Bulldog.  1.  A  refractory  material  used  as  furnace-lining,  got  by 
calcining  mill- cinder,  and  containing  silica  and  ferric  oxide.  2. 
Penn.     See  Buckshot-cinder. 

Bullfrog.     See  Barney. 

Bullion.  Uncoined  gold  and  silver.  Base  bullion  (Pac.),  is  pig 
lead  containing  silver  and  some  gold,  which  are  separated  by  refining. 

Bull-pump,  Corn.  A  direct  single-acting  pump,  the  steam  cyl- 
inder of  which  is  placed  over  the  top  of  a  shaft  or  slope,  and  the 
piston-rod  attached  to  the  pump-rods.  The  steam  lifts  piston  and 
pump-rods,  and  the  weight  of  these  makes  the  down-stroke. 

Bull-wheel.  In  rope- boring,  a  wheel  on  which  is  wound  the  rope 
for  hoisting  the  bit,  etc. 

Bully.  A  pattern  of  miners'  hammer,  varying  from  "  broad-bully'^ 
to  '''  naiv'ow-bully.^' 

Bunch  of  ore ^  Corn.     An  ore-body,  usually  a  small  one. 

Bunding.  A  staging  of  boards  on  stulls  or  stemples,  to  carry 
deads.     See  stull-covering . 

Bunions,  Eng.  Battens  or  scantlings  placed  horizontally  across 
a  shaft,  to  which  are  nailed  the  boards  forming  the  cleading  or 
sheathing  of  a  brattice. 

Burden,  Corn.  1.  The  tops  or  heads  of  stream-work,  which  lie 
over  the  stream  of  tin.  2.  The  proportion  of  ore  and  flux  to  fuel 
in  the  charge  of  a  blast-furnace. 

Burning.     See  Calcining. 

Burnt  iron.  1.  Iron  which  by  long  exposure  to  heat  has  suffered 
a  change  of  structure  and  become  brittle.  It  can  be  restored  by 
careful  forging  at  welding-heat.  2.  In  the  Bessemer  and  open- 
hearth  processes,  iron  which  has  been  exposed  to  oxidation  until  all 
its  carbon  is  gone,  and  oxide  of  iron  has  been  formed  in  the  mass. 

Burr.     Solid  rock. 
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Burrow,  Corn.     A  heap  of  refuse. 

Buscones,  Sp.     Searchers  ;  explorers. 

Bushel.  The  Imperial  bushel,  of  2218  cubic  inches,  and  the 
Winchester  bushel,  of  2150  cubic  inches,  are  divided  into  4  pecks. 
The  bushel  used  in  measuring  charcoal  and  coal  contains  5  pecks, 
or  2680  cubic  inches,  being  20  pounds  or  less  of  charcoal,  and,  in 
various  localities,  80,  76,  or  72  pounds  of  coal. 

Bustamente  furnace.  A  cylindrical  shaft-furnace  for  roasting 
quicksilver  ores;  divided  by  perforated  arches  into  two  compart- 
ments, of  which  the  upper  receives  the  ore  and  the  lower  the  fuel. 
The  mercury-vapors  are  condensed  in  aludeln. 

Butt,  Eng.  Of  coal ;  a  surface  exposed  at  right  angles  to  the 
face.     See  Mid. 

Button.  The  globule  of  metal  remaining  on  an  assay-cupel  or  in 
a  crucible,  at  the  end  of  the  fusion. 

Butty,  Derb.  and  Staff.  A  miner  by  contract  at  so  much  per 
ton  of  coal  or  ore. 

Cahbling.  Breaking  up  pieces  of  flat  iron  to  be  piled  or  fagoted, 
heated  and  rolled. 

Cable-tools.  The  apparatus  used  in  drilling  deep  holes,  such  as 
artesian  wells,  with  a  rope,  instead  of  rods,  to  connect  the  drill  with 
the  machine  on  the  surface. 

Cache,  Fr.  The  place  where  provisions,  ammunition,  etc.,  are 
cached  or  hidden  by  trappers  or  prospectors  in  unsettled  regions. 

Gage.  1.  A  frame  with  one  or  more  platforms  for  cars,  used  in 
hoisting  in  a  vertical  shaft.  It  is  steadied  by  guides  on  the  sides  of 
the  shaft.  2.  A  structure  of  elastic  iron  rods  slipped  into  the  bore- 
hole in  rod-boring  to  prevent  vibration  of  the  rods.  3.  The  barrel 
or  drum  in  a  lahhn  on  which  the  rope  is  wound. 

Cake-copper.     See  Tough  cak-e. 

Caking  coal.     See  Goal. 

Gala,  Sp.     A  small  pit  or  experimental  hole. 

Gal,  Corn.     Wolfram. 

Calcine.  To  expose  to  heat,  with  or  without  oxidation ;  to  roast. 
Applied  to  ores  for  the  removal  of  water  and  sulphur,  and  the  dis- 
integration of  the  mass;  to  limestone  for  the  expulsion  of  its  car- 
bonic acid ;  etc. 

Galciner.     A  furnace  or  kiln  for  roasting. 

Galicata,  Sp.     A  digging  or  trial  pit. 
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Campaign,  The  period  during  which  a  furnace  is  continuously 
in  operation. 

Canada,  Sp.     A  ravine,  or  small  canon. 

Canch.     A  part  of  a  bed  of  stone  worked  by  quarrying: 

Cand  or  Cann,  Corn.     Fluorspar. 

Canky  Derb.     See  Whinstone. 

Cainon,  Sf.     A  valley,  usually  precipitous;  a  gorge. 

Cannel  coal.     See  Coal. 

Cap  or  Cap-rock.  Barren  vein  matter,  or  a  pinch  in  a  vein,  sup- 
posed to  overlie  ore. 

Capel.     A  composite  stone  of  quartz,  schorl,  and  hornblende. 

Capella,  Sp.     Cupelling  furnace. 

Captain,  Corn,  and  Wales.  The  official  in  immediate  charge  of 
the  work  in  a  mine. 

Carat.  1.  A  unit  employed  in  weighing  diamonds,  and  equal  to 
3J  troy  grains.  A  car«^^razn  is  one-fourth  of  a  carat.  2.  A  term 
employed  to  distinguish  the  fineness  of  a  gold  alloy,  and  meaning 
one-twenty-fourth.  Fine  gold  is  24:-carat  gold.  Goldsmiths'  stand- 
ard is  22  carats  fine,  ^.  e.,  contains  22  parts  gold,  1  copper,  and  1 
silver. 

Carbona,  Corn.  An  irregular  deposit  or  impregnation  of  tin  ore, 
found  in  connection  with  a  tin  lode. 

Carbonaceous.     Containing  carbon  not  oxidized. 

Carbonates.  Tiie  common  term  in  the  West  for  ores  containing  a 
considerable  proportion  of  carbonate  of  lead.  They  are  sometimes 
earthy  or  oehreous  (soft  carbonates),  sometimes  granular  and  com- 
paratively free  from  iron  (sand  carbonates),  and  sometimes  compact 
(hard  carbonates.)     Often  they  are  rich  in  silver. 

Carbonization.  The  process  of  converting  to  carbon,  by  removing 
other  ingredients,  a  substance  containing  carbon,  as  in  the  charring 
of  wood  or  the  natural  formation  of  anthracite. 

Carburization.  The  process  of  imparting  carbon,  as  in  making 
cement  steel. 

Carga,  Sp.     A  mule-load  of  300  pounds  avoirdupois. 

Carinthian  furnace.  A  small  reverberatory  with  inclined  hearth, 
in  which  lead  ore  is  treated  by  roasting  and  reaction,  wood  being 
the  usual  fuel. 

Car-wheel  iron.     See  Chill. 

Case.     A  small  fissure,  admitting  water  into  the  workings.- 

Case-harden.  To  convert  iron  superficially  into  steel  by  partial 
cementation. 
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Casing,  Corn.  1.  A  partition  or  brattice,  made  of  casing -flank, 
in  a  shaft.  2.  Pac.  Casings  are  zones  of  material  altered  by  vein- 
action,  and  lying  between  tlie  unaltered  country  rock  and  the  vein. 

Cast-after-cast,  Corn.  The  throwing  np  of  ore  from  one  platform 
to  another  successively.     See  Shambbs. 

Cast-house.     The  building  in  which  pigs  or  ingots  are  cast. 

Casting.  Pouring  or  drawing  fused  metal  from  a  blast  furnace, 
cupola,  crucible,  converter,  or  ladle  into  moulds. 

Cast-iron.     See  Iron. 

Cast'Sted.     See  Steel. 

Cata,  Sp.     a  mine  denounced,  but  unworked. 

Catalan  forge,  A  forge  with  a  tuyere  for  reducing  iron  ore,  with 
charcoal,  to  a  loup  of  wrought  iron;  a  bloomary.  See  Champlain 
forge. 

Cat-head,  1.  A  small  capstan.  2.  A  broad-bullg  hammer.  See 
£ullg. 

Cauf,  Newc.     See  Corf, 

Caunter-lode,  Corn.  A  vein  coursing  at  a  considerable  angle  to 
neighboring  veins. 

Caving.     The  falling  in  of  the  sides  or  top  of  excavations. 

Cawh.     Sulphate  of  baryta  (heavy  spar). 

Cazo,  Sp.  A  caldron  in  which  amalgamation  is  effected  by  the 
cazo  process,  used  in  Mexico  and  South  America. 

Cement,  Austr.  and  Pac.  Gravel  firmly  held  in  a  silicious 
matrix,  or  the  matrix  itself. 

Cementation,  The  process  of  producing  a  chemical  change  in  a 
solid  substance  by  packing  it  in  a  powder  and  heating  it.  See 
Cement-steel  and  Malleable  castings. 

Cement- copper.     Copper  precipitated  from  solution. 

Cement-gold,.     Gold  precipitated  in  fine  particles  from  solution. 

Cement- silver.  Silver  precipitated  from  solution,  usually  by  cop- 
per. 

Cement-steel.     See  Steel. 

Cendrada,  Sp.  Ashes  or  smeltings  found  at  the  bottom  of  a  fur- 
nace, and  valuable  for  use  in  other  smeltings. 

Cerro,  Sp.     A  hill  or  mountain. 

Chacing.     Following  a  vein  by  its  range  or  direction. 

Chafery.     A  forge  fire  for  reheating.    (From  the  Fr.  Chaiifferie.) 

Chaldron.  Thirty-six  bushels.  In  Newcastle  fifty-three  hun- 
dredweight avoirdupois.  Chaldron-wagons,  containing  this  quan- 
tity, convey  the  coal  from  the  pit  to  the  place  of  shipment. 


A    GLOSSARY   OF   MINING    AND   METALLURGICAL  TERMS.      117 

Chalybeate.     Impregnated  with  iron  (applied  to  mineral  waters). 

Chamber.     See  Breast. 

Chamjnon  lode.     The  main  vein  as  distinguished  from  branches. 

Chainplain  forge  or  American  forge.  A  forge  for  the  direct  pro- 
duction of  wrought  iron,  generally  used  in  the  United  States  instead 
of  the  Catalan  forge,  from  which  it  differs  in  using  only  finely- 
crushed  ore  and  in  workino;  continuously. 

Changing -ho  use,  Corn.  A  room  where  miners  change  and  dry 
their  underground  clothing.     See  Drg. 

Charbon  roux,  Fr.  Brown  charcoal,  produced  by  an  incomplete 
carbonization  of  wood. 

Charge.  1.  The  materials  introduced  at  one  time  or  one  round 
into  a  furnace.     2.  The  amount  of  explosive  used  for  one  blast. 

Charger,  Corn.  An  auger-like  implement  for  charging  horizontal 
bore-holes  for  blasting. 

Charring.  The  expulsion  by  heat  of  the  volatile  constituents  of 
wood,  etc.,  leaving  more  or  less  pure  vegetable  carbon. 

Chartermaster,  S.  Staff.     See  Butty. 

Chats,  Northumb.     Small  pieces  of  stone  with  ore. 

Cheeks.  1.  The  sides  or  walls  of  a  vein.  2.  Extensions  of  the 
sides  of  the  eye  of  a  hammer  or  pick, 

Chenot  process.  The  process  of  making  iron-sponge  from  ore 
mixed  with  coal-dust,  and  heated  in  vertical  cylindrical  retorts. 

Chert.     Hornstone;  a  silicious  stone  often  found  in  limestone. 

Cherry  coal,  Eng.     See  Coal. 

Chestnut  coal,  Penn.     See  Coal. 

Chilian  Mill.  An  improved  arrastre,  in  w^hich  a  heavy  stone 
wheel  is  rolled  around  the  bed. 

Chill.  An  iron  mould  or  portion  of  a  mould,  serving  to  cool 
rapidly,  and  so  to  harden,  the  surface  of  molten  iron  which  comes  in 
contact  with  it.  Iron  which  can  be  thus  hardened  to  a  considerable 
depth  is  chilling  iron,  and  is  specially  used  for  cast-iron  railway  car- 
wheels  requiring  hardness  at  the  rim  without  loss  of  strength  in  the 
wheel. 

Chimming,  Corn.     See  Tossing. 

Chimney.     An  ore-shoot.     See  Chute. 

China  clay.     Kaolin. 

Chisel.     See  Bit. 

Chock.     See  Nog. 

Choke-damp,  Eng.     Carbonic  acid  gas. 
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Chlorides,  Pac.  A  common  term  for  ores  containing  chloride  of 
silver. 

Chloridize.  To  convert  into  chloride.  Applied  to  the  roasting 
of  silver  ores  with  salt,  preparatory  to  amalgamation. 

Chlorination  process.  The  process  first  introduced  by  Plattner, 
in  which  auriferous  ores  are  first  roasted  to  oxidize  the  base  metals, 
then  saturated  with  chlorine  gas,  and  finally  treated  with  water, 
which  removes  the  soluble  terchloride  of  gold,  to  be  subsequently 
precipitated  and  melted  into  bars. 

Chrome  ore.  Chromic  iron  {chromitCj  oxide  of  chromium  and 
oxide  of  iron). 

Chute.  (Sometimes  written  shoot.)  1.  A  channel  or  shaft  under- 
ground, or  an  inclined  trough  above  ground,  through  which  ore  falls 
or  is  '^shot'^  by  gravity  from  a  higher  to  a  lower  level.  2.  A  body 
of  ore,  usually  of  elongated  form,  extending  downward  within  a  vein 
(ore-shoot).  The  two  forms  of  orthography  of  this  word  are  of 
French  and  English  origin  respectively.  Under  chute,  the  original 
idea  is  that  of  falling;  under  shoot,  that  of  shooting  or  branching. 
Both  are  appropriate  to  the  technical  significations  of  the  word.  An 
ore-shoot,  for  instance,  may  be  considered  as  a  branch  of  the  general 
mass  of  the  ore  in  a  deposit,  or  as  a  pitch  or  fall  of  ore  (Germ.  JErz- 
fall).  In  England  the  orthography  shoot  is,  I  believe,  exclusively 
employed,  and  this  is  perhaps  the  best,  the  other  being  unnecessarily 
foreign. 

Cinder,  Eng.     Slag,  particularly  from  iron  blast  furnaces. 

Cinder-pig,  Eng.     See  Pig  iron. 

Cinder-plate.     See  Bloomary. 

Cinder-tap,  Cinder-notch.  The  hole  through  which  cinder  is  tapped 
from  a  furnace.     See  Lilrmann  front. 

Cinnabar.     Sulphuret  of  mercury. 

Cistern,  Corn.     See  Tank. 

Clack,  Corn.     A  pump- valve. 

Clack-door,  Corn.  An  opening  into  the  valve-chamber  of  a 
pump. 

Claggy,  Newc.  Adhesive.  When  the  coal  is  tightly  joined  to 
the  roof,  the  mine  is  said  to  have  a  claggy  top. 

Claim,  Pac.  The  portion  of  mining  ground  held  under  the  Fed- 
eral and  local  laws  by  one  claimant  or  association,  by  virtue  of  one 
location  and  record. 

Clanny  lamp.     The  safety-lamp  invented  by  Dr.  Clanny. 

Clay-iron.     A  tool  for  crowding  clay  into  leaky  bore-holes. 
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CleacUng,  Eng.     See  Buntons. 

Clean-up.  The  operation  of  collecting  all  the  valuable  product  of 
a  given  period  or  operation  in  a  stamp  mill,  or  in  a  hydraulic  or 
placer  mine. 

Cleat.     1.  A  joint  in  coal  or  rock.     2.  A  strip  of  wood. 

Cleavage.  The  property  in  a  mineral,  of  splitting  more  easily 
and  perfectly  in  some  directions  than  in  others.  The  planes  of  cleav- 
age bear  a  relation  to  the  crystal  form  of  the  mineral.  The  cleav- 
age of  rock-masses  is  more  properly  a  jointing,  unless  it  follows  the 
planes  of  bedding. 

Clinker.  The  product  of  the  fusion  of  the  earthy  impurities  (ash) 
of  coal  during  its  combustion. 

Clinometer.  A  simple  apparatus  for  measuring  by  means  of  a 
pendulum  or  spirit-level  and  circular  scale,  vertical  angles,  par- 
ticularly dips. 

Clod.  Soft  shale  or  slate,  in  coal  mines,  usually  applied  to  a 
layer  forming  a  bad  roof. 

Closed  top.     See  Cup- and- cone. 

Closed  front.  An  arrangement  of  the  blast-furnace  without  a  fore- 
hearth. 

Clotting.     The  sintering  or  semi-fusion  of  ores  during  roasting. 

Coal  (Eng.  Coals).  This  term  is  now  applied  to  stonecocd  or  pit-coal^ 
that  is,  mineral  coal,  obtained  by  mining,  as  distinguished  from  char- 
coal. No  scientific  account  of  the  nature  and  origin  of  coal  will  be 
given  here.  The  three  principal  classes  recognized  by  common  usage 
2iYQ  anthracite  {\\?iYdi,  black,  composed,  when  pure,  almost  exclusively 
of  carbon),  bituminous  or  coJdng  coal  (brown  or  black,  containing 
hydrocarbons),  and  lignite  or  brown  coal  (brown  or  black,  gen- 
erally showing  a  woody  or  a  laminar  structure,  containing  much 
water,  and  more  recent,  geologically  speaking,  than  the  other  varie- 
ties). Semi-anthracites  and  semi-hituminous  coa^s  are  gradations  be- 
tween anthracite  and  bituminous,  based  on  the  increasing  percentage 
of  volatile  matters.  Hydrogenous  or  gas  coeds  are  bituminous  coals 
yielding  the  highest  percentage  of  volatile  matters.  The  English 
classification  of  bituminous  coals  distinguishes  coking  coal  proper 
(splintering  when  heated,  but  subsequently  fusing  into  a  semi-pasty 
mass),  cherry  or  soft  coal  (igniting  readily  and  burning  rapidly  with- 
out splintering  or  fusion),  splint,  rough  or  hard  coal  (igniting  Avith 
more  difSculty  but  burning  with  a  clear,  hot  fire),  and  cannel  coal 
{i\\e.  p)Ctrrot  coal  of  Scotland,  compact,  homogeneous,  conchoidal  in 
fracture,  burning  with  clear,  bright  flame).     The  English  call  an- 
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thracite  also  stonecoal  or  culm,  and  speak  of  a  semi -anthracite  as 
steam-coal.  Any  coal  advantageously  used  for  generating  steam  is 
called  a  steam-coal  in  the  United  States.  The  solid  carbon  remain- 
ing after  the  expulsion  of  volatile  matters  from  bituminous  coal  or 
lignite  is  called  coke.  Commercial  coke,  however,  must  have  a  cer- 
tain coherence  and  strength  ;  and  the  coals  which  furnish  it  in  this 
condition  are  called  coking  coals.  A  peculiar  bituminous  coal  of 
Indiana  and  Ohio,  which  breaks  in  blocks,  and  is  used  raw  without 
coking,  to  some  extent,  as  a  blast-furnace  fuel,  is  called  block-coal. 
Anthracite  is  divided  in  the  United  States  according  to  the  color  of 
the  ash  afterburning,  into  ivhite- ash, red-ash,  and  j^ink-ash  coal.  It 
is  also  classified  for  the  market  according  to  the  size  of  the  pieces 
(see  Coal-breaker),  as  follows :  Lump  includes  the  largest  lumps  as 
they  come  from  the  mine.  The  other  sizes  pass  over  and  through 
sieve-meshes  of  the  size  named,  the  figures  signifying  inches,  and 
thus  indicating  roughly  the  average  limit  of  diameter  for  the  pieces 
in  each  size,  viz.  : 

Steamboat,  through  7 

No.  1,  Broken  or  grate,  through  4 

JSTo.  2,  Egg,  through  2}  to  21 

No.  3,  Large  stove,  through  2J  to  2 

'No.  4,  Small  stove,  through  IJ  to  IJ 

No.  5,  Chestnut,  through  IJ-  to  1 

No.  6,  Fea,  through    f  to    J 

No.  7,  Buckwheat,  is  rarely  made,  except  when  the  coal  is  washed 
on  the  screens,  and  the  chestnut  and  pea  have  the  larger  dimensions 
above  given.  It  is  the  smallest  size,  and  usually  included  in  the 
dirt  or  culm. 

Coal-breaker.  A  building  containing  the  machinery  for  break- 
ing coal  with  toothed  rolls,  sizing  it  with  sieves,  and  cleaning  it  for 
market. 

Coal-pipes,  Newc.     Very  thin  irregular  layers  of  coal. 

Cobalt-ores.  Cobalt-speiss  {smaltine,  chhanthite  when  niccoliferous, 
safflorite  when  ferriferous,  an  arsenide  of  cobalt  with  or  without 
nickel  or  iron);  cobalt  glance  and  cobalt  pyrites  {smaltite  and  Unna^ite, 
sulphides  of  cobalt);  cobalt  bloom  [erythrite,  arseniate  of  cobalt). 

Cobbing,  Corn.  Breaking  ore  to  sort  out  its  better  portions. 
See  Spall. 

Cobble,  Penn.  An  imperfectly  puddled  ball  which  goes  to  pieces 
in  the  squeezer. 

Cobre  ores.     Copper  ores  from  Cuba. 
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CocJde,  Corn.     See  Schorl. 

Cod,  Newc.     The  bearing  of  an  axle. 

Coffer  or  Cofer,  Derb.  1.  To  secure  a  shaft  from  leaking  by 
ramming  in  clay  behind  the  masonry  or  timbering.  2.  (or  Cover) 
Corn.  See  3Iortar  (2).  3.  A  rectangular  plank  frame,  used  in 
timbering  levels. 

Coffin,  Corn.  1.  An  old  open  working.  2.  The  mode  of  open 
working  by  casting  up  ore  and  waste  from  one  platform  to  another, 
and  so  to  the  surface. 

Cog.     To  roll  or  bloom  ingots. 

Cogs.  See  Nogs;  only  cogs  are  not  squared,  but  simply  notched 
where  they  cross  each  other.  The  interior  of  a  structure  of  this 
kind  and  the  spaces  between  the  timber  are  usually  filled  with  gob. 
They  are  called  also  cobs,  corncobs,  etc. 

Coil-drag.  A  tool  to  pick  up  pebbles,  bits  of  iron,  etc.,  from  the 
bottom  of  a  drill-hole. 

Coke.  The  product  remaining  after  the  expulsion  by  heat  of  the 
volatile  constituents  of  coal. 

Coh'ng  coal.     See  Coed. 

Cold-bed.  A  platform  in  a  rolling-mill  on  which  cold  bars  are 
stored. 

Cold  blast.  Air  forced  into  a  furnace  without  being  previously 
heated. 

Cold-short.   Brittle  when  cold.     Applied  chiefly  to  iron  and  steel. 

Collar.  1.  See  Cap.  2.  The  collar  of  a  shaft  is  the  horizontal 
timbering  around  the  mouth. 

Colliery.    A  coal  mine. 

Collom  washer.  Lake  Sup.    A  variety  of /f^. 

Color,  Sp.  1.  Color.  The  shade  or  tint  of  the  earth  or  rock  which 
indicates  ore.  2.  A  particle  of  metallic  gold  found  in  the  pros- 
pector's pan  after  a  sample  of  earth  or  crushed  rock  has  been 
^^ panned  out.'*  Prospectors  say,  e.  g.,  "The  dirt  gave  me  so  many 
colors  to  the  panful." 

Colorados,  Sp.  Ores  impregnated  with  oxide  of  iron,  and  in  a 
state  of  decomposition.     See  Gossan. 

Col-rake.     A  shovel  used  to  stir  lead-ores  during  washing. 

Comb.  The  place,  in  a  fissure  which  has  been  filled  by  successive 
depositions  of  mineral  on  the  w^alls,  where  the  two  sets  of  layers 
thus  deposited  approach  most  nearly  or  meet,  closing  the  fissure  and 
exhibiting  either  a  drusy  central  cavity,  or  an  interlocking  of  crys- 
tals. 
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Combined  carbon.  That  portion  of  the  carbon  in  iron  or  steel 
which  is  not  visible  as  graphite,  and  is  supposed  to  be  alloyed  or 
chemically  combined  with  the  iron. 

Compass.  An  instrument  like  the  ordinary  nautical  or  surveyor's 
compass,  though  sometimes  otherwise  marked,  and  having  a  clinometer 
attached.  Also,  a  dip-compass^  for  tracing  magnetic  iron  ore,  having 
a  needle  hung  to  move  in  a  vertical  plane. 

Concentration.  The  removal  by  mechanical  means  of  the  lighter 
.and  less  valuable  portions  of  ore. 

Concentrator.  An  apparatus  in  which,  by  the  aid  of  water  or  air 
and  specific  gravity,  mechanical  concentration  of  ores  is  performed. 

Condenser.  A  vessel  or  chamber  in  which  volatile  products  of 
roasting  or  smelting  {e.  g.,  mercury  or  zinc  vapors)  are  reduced  to 
solid  form  by  cooling,  or  in  which  the  fumes  of  furnaces,  containing 
mechanically  suspended  as  well  as  volatile  metallic  matters,  are  ar- 
rested. 

Conglomerate.  A  rock  consisting  of  fragments  of  other  rocks 
(usually  rounded)  cemented  together. 

Consume.  The  chemical  and  mechanical  loss  of  mercury  in  amal- 
gamation. 

Contact.  The  plane  between  two  adjacent  bodies  of  dissimilar 
rock.  A  contact-vein  is  a  vein,  and  a  contact-bed  is  a  bed,  lying, 
the  former  more  or  less  closely,  the  latter  absolutely,  along  a  contact. 

Continental  process.   See  German  process. 

Converter.     See  Bessemer  process. 

Cope.  1.  Derb.  To  contract  to  mine  lead  ore  by  the  dish,  load,  or 
other  measure.  2.  The  upper  part  of  a  flask,  separable  from  the 
lower  part.    See  Drag. 

Coper,  Derb.    One  who  contracts  to  raise  lead-ore  at  a  fixed  rate. 

Copperas.   Ferrous  sulphate. 

Copper-ores.  Native  copper ;  red  copper-ore  (cuprite,  protoxide) ; 
green  and  blue  malachite  (jnalachite  and  azurite,  carbonates) ;  copper 
glance  (chalcocite,  sulphide) ;  purple  copjKv  (variegated  or  peacock 
ore,  bornite,  sulphide  of  copper  and  iron) ;  gray  copper  (fahl-ore, 
tetrahedrite,  sul pliant imonide  of  copper  and  other  metals) ;  yelloio 
copper  {copper-pyrites,  chalcopyrite,  sulphide  of  copper  and  iron) ; 
eopper-lead  ore  (^oi^r?2oni7e,  sulphantimonide  of  lead  and  copper); 
blach  copjyer-ore  (an  earthy  and  variable  mixture  of  sulphide  and 
oxide  of  copper). 

Copper-plates,  Austr.  and  Pac.  Tlie  plates  of  amalgamated  copper 
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over  which    the   auriferous  ore  is  allowed  to  flow  from  the  stamp 
battery,  and  upon  which  the  gold  is  caught  as  amalgam. 

Copper-rain.  Minute  globules  thrown  up  from  the  surface  of 
molten  copper,  when  it  contains  but  little  suboxide. 

Copper-  smoke.  The  gases  from  the  calcination  of  sulphuretted 
copper-ores. 

Corbond.     An  irregular  mass  or  "  dropper'^  from  a  lode. 

Cordurie  jorocess.  The  refining  of  lead  by  conducting  steam 
through  it,  while  molten,  to  oxidize  certain  metallic  impurities. 

Core,  CoRj^.    A  miner's  underground  working-time  or  shift. 

Corf,  Corve,  or  Caiif  {the  last  incorrect).  1.  Newc.  A  large  bas- 
ket used  in  hoisting  coal ;  from  the  Germ.  Korb.  2.  A  wooden  frame 
to  carry  coal.     3.  A  sled  or  low  wagon  for  the  same  purpose. 

Cornish  pump.  A  pump  operated  by  rods  attached  to  the  beam 
of  a  single-acting,  condensing  beam-engine.  The  steam,  pressing 
down  the  piston  in  the  vertical  steam-cylinder,  lifts  the  pump-rods, 
and  these  subsequently  descend  by  their  own  weight. 

Coro-Goro.  A  dressed  product  of  copper-works  in  South  America, 
consisting  of  grains  of  native  copper  mixed  with  pyrite,  chalco-py- 
rite,  mispickel,  and  earthy  minerals. 

Corroding-lead.  Refined  lead,  sufficiently  pure  for  the  corroding 
process,  by  which  white  lead  is  manufactured. 

Cost-booky  Corn.  A  book  used  to  keep  accounts  of  mining  enter- 
prises carried  on  under  tiie  cost-book  system,  peculiar  to  Cornwall  and 
Devon,  and  differing  from  both  partnership  and  incorporation.  It 
resembles  the  mining  partnership  system  of  the  Pacific  States. 

Costeaning  or  Costeening,  Corn.  Discovering  veins  by  pits  and 
open  cuts,  run  on  the  surface  transversely  to  the  supposed  course 
of  the  veins. 

Counter.  1.  A  cross- vein.  2.  (Or  counter-gangivay.)  A  gangway 
driven  obliquely  upwards  on  a  coal-seam  from  the  main  gangway 
until  it  cuts  off  the  faces  of  the  workings,  and  then  continues  par- 
allel with  the  main  gangway.  The  oblique  portion  is  called  the 
ricn. 

Country,  or  country-rock,  Corn.  The  rock  traversed  by  or  adja- 
cent to  an  ore  deposit. 

Course.     See  Strike. 

Course  of  ore.    See  Chute  (2.). 

Coursing.  Conducting  the  air-current  of  a  mine  in  different  direc 
tions  by  means  of  doors  and  stoppings. 

Cousin  Jack.     A  common  nickname  for  a  Cornishman. 
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Covered-binding,  Corn.   See  Planhtimhering. 

Coio.     A  kind  of  self-acting  brake  for  inclined  planes;  a  trailer. 

Cowl,   See  Water-barrel. 

Cowper- Siemens  stove.  A  hot-blast  stove  of  firebrick  on  the 
regenerative-principle. 

Coyoting,  Pac.  Mining  in  irregular  openings  or  burrows,  com- 
parable to  the  holes  of  coyotes  or  prairie  foxes. 

Crab.  A  machine  for  moving  heavy  weights.  Specially  the  en- 
gines employed  for  lowering  into  place  the  pumps,  rods,  pipes,  etc., 
of  Cornish  pit-work. 

Cradle,  Pac.     See  JRocker. 

Cramp.     A  pillar  of  rock  or  mineral  left  for  support. 

Cranch.     Part  of  a  vein  left  by  old  workers. 

Craze  or  Creaze,  Corn.  The  tin-ore  which  collects  in  the  middle 
part  of  tlie  biiddle. 

Creep,  Newc.  A  rising  of  the  floor  of  a  gangway,  occasioned 
by  the  weight  of  incumbent  strata,  in  pillar  workings.  Also  any 
slow  movement  of  mining  ground. 

Cretaceous.    1.  Chalky.     2.  See  Geological  formations. 

Crevet.     A  crucible. 

Crevice,  Pac.  1.  A  shallow  fissure  in  the  bed-rock  under  a  gold 
placer,  in  which  small  but  highly  concentrated  deposits  of  gold  are 
found.     2.  The  fissure  containing  a  vein. 

Crib.  1.  See  Curb.  2.  A  structure  composed  of  frames  of  timber 
laid  horizontally  upon  one  another,  or  of  timbers  built  up  as  in  the 
walls  of  a  log^  cabin.    3.  A  miner's  luncheon. 

Cribbing.  Close  timbering,  as  the  lining  of  a  shaft,  or  the  con- 
struction of  cribs  of  timber  or  timber  and  earth  or  rock,  to  support 
a  roof. 

Cribble.     A  sieve. 

Crop,  1.  Corn.  See  Crop-tin.  2.  The  basset  or  outcrop  of  strata 
at  the  surface.    3.  To  leave  coal  at  the  bottom  of  a  bed. 

Cropping  out.  The  rising  of  layers  of  rock  to  the  surface.  That 
part  of  a  vein  which  appears  above  the  surface  is  called  the 
cropping  or  outcrop. 

Crop-tin.  The  chief  portion  of  tin-ore  separated  from  waste  in  the 
principal  dressing  operation. 

Cross-course,  Corn.     An  intersecting  (usually  a  barren)  vein. 
Cross-cut.    A  level  driven  across  the  course  of  a  vein,  or,  in  gen- 
eral, across  the  direction  of  the  main  workings  (as  to  connect  two 
parallel  gangways),  or  across  the  "  grain  of  coal.'' 
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Cross-heading.  A  heading  driven  across  from  one  gangway  or 
breast  to  another,  usually  for  ventilation. 

Cross-vein.     An  intersecting  vein. 

Crow  or  crow-foot.  A  tool  with  a  side-claw,  for  grasping  and  re- 
covering broken  rods  in  deep  bore-holes. 

Crucible.  1.  A  melting  pot.  2.  The  lower  part  of  a  shaft  furnace, 
in  which  fusion  is  effected  and  the  molten  bath  is  contained. 

Crush.  1.  A  squeeze,  accompanied,  perhaps,  with  more  violent 
motion  and  effects.    2.  A  variety  of  fault  in  coal.   See  Fault  (2). 

Crusher.     A  machine  for  crushing  ores. 

Cry  of  tin.    The  peculiar  crackling  noise  produced  in  bending  a 
piece  of  metallic  tin. 

Culm.  1.  Eng.  Anthracite.  2.  Penn.  The  waste  or  slach  of  the 
Pennsylvania  anthracite  mines,  consisting  of  fine  coal,  more  or  less 
pure,  and  coal-dust  and  dirt. 

Cup-and-cone.  A  machine  for  charging  a  shaft- furnace,  consist- 
ing of  an  iron  hopper  with  a  large  central  opening,  which  is  closed 
by  a  cone  or  bell,  pulled  up  into  it  from  below.  In  the  annular 
space  around  this  cone,  the  ore,  fuel,  etc.,  are  placed  ;  then  the  cone 
is  lowered  to  drop  the  materials  into  the  furnace;  after  which  it  is 
again  raised  to  close  the  hole. 

Ciipellation.  The  treatment  on  a  hearth  or  cupel  (usually  formed 
of  bone-asii)  of  an  alloy  of  lead,  gold,  and  silver,  by  means  of  fusion 
and  an  air  blast,  which  oxidizes  the  lead  to  litharge,  and  removes  it 
in  liquid  form,  or  absorbs  it  in  the  cupel. 

Cupola.  A  shaft-furnace  with  a  blast,  for  remelting  metals,  pre- 
paratory to  casting.  Sometimes  incorrectly  pronounced  and  written 
Cupalo. 

Curb.    A  timber  frame,  circular  or  square,  wedged  in  a  shaft  to 
make  a  foundation  for  wailing  or  tubbing,  or  to  support,  with  or 
without  other  timbering,  the  walls  of  the  shaft. 
Curbing.     See    Cribbing. 

Cut.   1.  To  intersect  a  vein  or  working.    2.   To  excavate  coal. 

Dam.  1.  To  keep  back  water  in  a  stream  or  mine  by  means  of  a 
dam  or  bulkhead.  2.  S.  Staff.  See  Stopping  and  Bulkhead.  3. 
The  wall  of  refractory  material,  forming  the  front  of  the  fore-hearth 
of  a  blast  furnace.  It  is  built  on  the  inside  of  a  supporting  iron 
plate  (dam-plate).  Iron  is  tapped  through  a  hole  in  the  dam,  and 
cinder  through  a  notch  in  the  top  of  the  dam.     See  Lurmann  front. 
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Damask.  The  etched  or  "  watered''  surface  produced  on  polished 
(welded)  steel  by  corrosion. 

Damper.  A  valve  in  a  flue  or  at  the  top  of  a  chimney  to  regulate 
the  draft. 

Dam-plate.  The  plate  upon  the  dam-stone  or  front  stone  of  the 
bottom  of  a  blast  furnace. 

Damp  sheet,  S.  Staff.  A  large  sheet,  placed  as  a  curtain  or  par- 
tition across  a  gate-road  to  stop  and  turn  an  air-current. 

Dan,  Newc.     A  truck  or  sled  used  in  coal  mines. 

Danhs  puddler.    A  revolving  mechanical  puddler.    See  Puddling. 

Dant,  Newc.     Soft,  inferior  coal  ;  mineral  charcoal. 

Davy  lamp.     The  safety  lamp  invented  by  Sir  H.  Davy. 

Dai/,  Wales.  The  surface  of  the  ground  over  a  mine.  Dai/- 
level.     An  adit.    Day -water.     Water  from  the  surface. 

Dead,  Corn.  1.  Un ventilated.  2.  As  to  a  vein  or  piece  of 
ground,  unproductive. 

Deadened  mercury.     See  Floured. 

Dead-ptate.  A  nearly  horizontal  iron  plate,  at  the  mouth  of  the 
furnace,  under  a  steam-boiler,  on  which  the  bituminous  coal  charges 
are  laid  to  be  partially  coked  before  they  are  pushed  upon  the  grate 
where  their  solid  carbon  is  consumed.  The  gases  evolved  on  the 
dead-p)late  pass  over  the  grate  and  are  burned. 

Dead  riches.     See  Base  bullion. 

Dead  roasting.  Roasting  carried  to  the  farthest  practicable  de- 
gree in  the  expulsion  of  sulphur. 

Deads,  Corn.  The  waste  rock,  packed  in  excavations  from  which 
ore  or  coal  has  been  extracted. 

Dead-iuorh.  Work  that  is  not  directly  productive,  though  it  may 
be  necessary  for  exploration  and  future  production. 

Deal.     Plank  used  in  shaft  and  gallery  construction. 

Dean,  Corn.     The  end  of  a  level. 

Debris,  Fr.  The  fragments  resulting  from  shattering  or  disinte- 
gration. 

Deep,  Corn.  The  lower  portion  of  a  vein ;  used  in  the  phrase 
to  the  deep^  i.  e.,  downward  upon  the  vein. 

Denunciar,  Sp.  To  denounce.  To  give  information  that  a  mine 
is  forfeited  for  being  insufficiently  worked,  or  for  a  violation  of  some 
condition  which  imposes  that  penalty.  This  term  is  also  applied  to 
the  giving  notice  of  a  discovery,  for  the  purpose  of  registry. 

Deposit.     The  term  mineral  deposit  or  ore-deposit  is  arbitrarily 
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used  to  clesiVnate  a  natural  occurrence  of  a  useful  mineral  or  ore  in 
extent  and  degree  of  concentration  to  invite  exploitation. 

Derrick.  1.  See  Whip.  2.  The  hoisting-tower  over  an  artesian 
well-boring. 

Descension-theory.  The  theory  that  the  material  in  veins  entered 
from  above. 

Desilverization.     The  process  of  separating  silver   from  its  alloys. 

Desuiiig,  Corn.     See  Dissuing. 

Desulphurizatlon.     The  removal  of  sulphur  from  sulphuret  ores. 

Dial,  Corn.  See  Compass.  To  dial  a  mine  is  to  make  a  survey 
of  it. 

Diamond-drill.  A  form  of  rock-drill  in  which  the  work  is  done 
by  abrasion  instead  of  percussion,  black  diamonds  (borts)  being  set 
in  the  head  of  the  boring  tool. 

Diamond  groove.     A  groove  of  V-section  in  a  roll. 

Die.  A  piece  of  hard  iron,  placed  in  a  mortar  to  receive  the  blow 
of  a  stamp,  or  in  a  pan  to  receive  the  friction  of  the  muller.  Be- 
tween the  die  and  the  stamp  or  muller  the  ore  is  crushed. 

Dig,  Corn.     See  Gouge. 

Diggings.  Applicable  to  all  mineral  deposits  and  mining  camps, 
but  in  usage  in  the  United  States  applied  to  placer-mining  only. 

Dike.     A  vein  of  igneous  rock. 

Dilluing  or  dilleughing,  Corn.  An  operation  performed  in  tin- 
dressing  upon  the  slimes  of  a  certain  part  of  the  process.  It  is  like 
the  operation  o( panning, only  performed  with  a  sieve  having  a  close 
haircloth  bottom,  and  in  a  kieve  of  water  which  receives  the  tail- 
ings of  the  process. 

Diluvium.  Sand,  gravel,  clay,  etc.,  in  superficial  deposits.  See 
Drift.  According  to  some  authors,  alluvium  is  the  effect  of  the  or- 
dinary, and  diluvium  of  the  extraordinary  action  of  water.  The 
latter  term  is  now  passing  out  of  use  as  not  precise,  and  more  spe- 
cific names  for  the  different  kinds  of  material  are  substituted. 

Dinas  brick.  A  refractory  brick,  almost  entirely  composed  of 
silica  from  the  Dinas  ''  clay ''  in  the  Vale  of  Neath,  England. 

Dip.  The  inclination  of  a  vein  or  stratum  below  the  horizontal. 
The  dip  at  any  point  is  necessarily  at  right  angles  with  the  local 
strike,  and  its  inclination  is  steeper  than  that  of  any  other  line  drawn 
in  the  plane  of  the  vein  or  stratum  through  that  point. 

Dipping-needle.     See  Compass. 

Discovery,  Pac.  The  first  finding  of  the  mineral  deposit  in  place 
upon  a  mining  claim.     A  discovery  is  necessary  before  the  location 
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can  be  held  by  a  valid  title.     The  opening  in  which  it  is  made  is 
called  discovery-shaft,  discovery-tunnel,  etc. 

Dish,  Corn.  1.  The  landowner's  or  landlord's  part  of  the  ore. 
2.  Derb.  a  measure  of  14,  15,  or  16  pints. 

Bissuing,  Corn.  Cutting  out  the  selvage  or  gouge  of  a  lode,  to 
facilitate  the  ore-extraction. 

Distillation.  Volatilization, followed  by  condensation  to  the  liquid 
state. 

District.  In  the  States  and  Territories  west  of  the  Missouri,  a 
vaguely  bounded  and  temporary  division  and  organization  made  by 
the  inhabitants  of  a  mining  region.  A  district  has  one  code  of  min- 
ing laws,  and  one  recorder.  Counties  and  county  officers  are  grad- 
ually  taking  the  place  of  these  cruder  arrangements. 

Ditch.  An  artiiicial  watercourse,  flume,  or  canal,  to  convey 
water  for  mining.     A  flume  is  usually  of  wood  ;  a  ditch,  of  earth. 

Divining-rod  or  Dowsing-rod,  Corn.  A  rod  (most  frequently  of 
witch-hazel,  and  forked  in  shape)  used,  according  to  an  old  but  still 
extant  superstition,  for  discovering  mineral  veins  and  springs  of 
water,  and  even  for  locating  oil  wells. 

Doggy,  S.  Staff.  An  underground  superintendent,  employed  by 
the  butty. 

Dog-hole..  A  small  proving-hole  or  airway,  usually  less  than  5 
feet  high. 

Dole.    A  division  of  a  parcel  of  ore. 

Dolly-tub,  Corn.  A  tub  in  which  ore  is  washed,  being  agi- 
tated by  a  dolly,  or  perforated  board. 

Dope.     See  Explosives. 

Dotts  or  Dott-holes.     Small  openings  in  the  vein. 

Douglas  process.     See  Hunt  and  Douglas  process. 

Downcast.  The  opening  through  which  the  ventilating  air-current 
descends  into  a  mine. 

Downcome.  The  pipe  through  which  tunnel-head  gases  from  iron 
blast-furnaces  are  brought  down  to  the  hot-blast  stoves  and  boilers, 
when  these  are  below  the  tunnel-head. 

Dradge,  Corn.  The  inferior  portions  of  ore,  separated  from  the 
prill  by  cobbing. 

Drag.  The  lower  part  of  a  flask.  The  mould  having  been  pre- 
pared in  the  two  parts  of  the  flask,  the  co2:)e  is  put  upon  the  drag 
before  casting.  After  casting,  the  flask  is  opened  by  removing  the 
co2^e. 
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Drag-twist.  A  spiral  hook  at  the  end  of  a  rod,  for  cleaning  bore- 
holes. 

Draught,  S.  Staff.  The  quantity  of  coal  raised  to  bank  in  a  given 
time. 

Draw.  To  rob  pillars  or  the  top-coal  of  breasts  before  abandoning 
the  ground. 

Dredge.     Very  fine  mineral  matter  held  in  suspension  in  water. 

Dresser,  S.  Staff.  A  large  ])ick,  with  which  the  largest  lumps 
of  coal  are  prepared  for  loading  into  the  skij). 

Dressing,  Corn.  The  picking  and  sorting  of  ores,  and  washing, 
preparatory  to  reduction. 

Drift.  1.  A  horizontal  passage  underground.  A  drift  follows 
the  vein,  as  distinguished  from  a  cross-cut,  which  intersects  it,  or  a 
level  or  gallery^  which  may  do  either.     2.   Unstratified  diluvium. 

Drill.  A  metallic  tool  for  borino^  in  hard  material.  The  ordi- 
nary  miner's  drill  is  a  bar  of  steel,  with  a  chisel-shaped  end,  and  is 
struck  with  a  hammer.     See  Rock-drill,  Diamond-drill. 

Driving.  Extending  excavations  horizontally.  Distinguished 
from  sinking  and  raising. 

Dropper,  Corn.  A  branch  leaving  the  main  vein  on  the  footwall 
side. 

Dross,  The  material  skimmed  from  the  surface  of  freshly  melted, 
not  perfectly  pure  metal. 

Drowned  level.     See  Blind  level,  (2). 

Druggon,  S.  Staff.  A  square  iron  or  wooden  box,  used  for  con- 
veying fresh  water  for  horses,  etc.,  in  a  mine. 

Drum.  That  part  of  the  winding  machinery  on  which  the  rope 
or  chain  is  coiled. 

Druse.     A  crystallized  crust  lining  the  sides  of  a  cavity. 

Dry,  Corn.     See  C hanging-house. 

Dry  copper.  See  Under-poled  copper.  Also  copper  just  ready  for 
poling. 

Dry  Puddling,     See  Puddling. 

Dry  sand.  Sand  prepared  for  moulds  by  thorough  drying  and 
baking.  When  special  cohesion  is  required  (as  for  cores)  other  sub- 
stances, such  as  flour,  molasses,  etc.,  are  mixed  with  it. 

Dualin.     See  Explosives. 

Dumb-drift.  An  air-way  conveying  air  around,  not  through,  a 
ventilating  furnace  to  the  upcast. 

Dump.  1.  To  unload  a  vehicle  by  tilting  or  otherwise,  without 
handling  or  shovelling  out  its  contents.     2.   A  pile  of  ore  or  rock. 
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Dumper.     A  tllting-car  used  on  dumps. 

DurUj  Corn.     A  frame  of  timbering,  like  a  door-frame. 

Dust-plate.  A  vertical  iron  plate,  supporting  the  slag-runner  of 
an  iron  blast  furnace. 

Dutch  metal.  An  alloy  of  copper  and  zinc,  containing  more  copper 
than  ordinary  brass. 

Duty.  A  measure  of  the  effectiveness  of  a  steam-engine,  usually 
expressed  in  the  number  of  foot-pounds  (or  kilogram  metres)  of  use- 
ful work  obtained  from  a  given  quantity  of  fuel. 

Duty-ore,  Corn.     The  landlord's  share  of  the  ore. 

Dyke.     See  Dike. 

Dzhu,  Corn.  To  cut  ahead  on  one  side  of  a /ace,  so  as  to  increase 
the  efficacy  of  blasting  on  the  remainder.  (Doubtless  the  same  word 
as  Dlssue.     See  Dlssuing.)     Also  called  to  hulk. 

Egg-coal,  Penn.     See  Coal. 

Egg-hole,  Derb.  A  notch  cut  in  the  wall  of  a  lode  to  hold  the 
end  of  a  stempel. 

Ek'ctrum.     An  alloy  of  copper,  zinc,  and  nickel. 

Eliquation.  Separating  an  alloy  by  heating  it  so  as  to  melt  the 
more  fusible  of  its  ingredients,  but  not  the  less  fusible. 

Elutrlation.  Purification  by  w^ashing  and  pouring  off  the  lighter 
matter  suspended  in  water,  leaving  the  heavier  portions  behind. 

Elvan,  Corn.  A  name  given  to  certain  broad  granite  veins  or 
belts  in  schistose  rocks. 

Emery.     Impure  corundum. 

End  of  coal.  The  direction  or  section  at  right-angles  to  thQ  face  ; 
sometimes  called  the  hutt. 

End-pieces,  Corn.     See  Wall-plates. 

English  jyrocess.  In  copper-smelting,  the  process  of  reduction  in  a 
reverberatory  furnace,  after  roasting,  if  necessary. 

English  zinc-furnace.  A  furnace  in  which  zinc  is  reduced  and 
distilled  from  calcined  ores  in  crucibles. 

Engorgement.    The  clogging  of  a  furnace.     See  Scaffold. 

Entry.  An  adit.  Applied  to  the  main  gangway  in  some  coal 
mines. 

Estufa  amalgamation,  Sp.  A  modification  of  the  patio  process, 
using  heat. 

Exploder.  A  cap  or  fulminating  cartridge,  placed  in  a  charge  of 
gunpowder  or  other  explosive,  and  exploded  by  electricity  or  by 
a  fuse.     See  Explosives. 
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Exploitation,  Fr.  The  productive  working  of  a  mine,  as  distin- 
guished from  exploration. 

Explosives.  The  principal  explosives  used  in  mining  are  gun- 
powder, a  compound  of  sulphur,  charcoal,  and  potassium  nitrate 
(potash  saltpetre)  or  sodium  nitrate  (Chili  or  soda-saltpetre);  nitrorjlyc- 
erin,  a  liquid  compound  of  carbon,  hydrogen,  nitrogen,  and  oxy- 
gen, produced  by  the  action  of  nitric  acid  upon  glycerin ;  dynamite 
No.  1,  or  giant-powder,  a  mixture  of  nitroglycerin  with  a  dry  pulver- 
ized mineral  or  vegetable  absorbent  or  dojje  (commonly  silicious  or 
infusorial  earth) ;  dynamite  No.  2,  nitroglycerin  mixed  with  saltpetre, 
sawdust,  or  coaldust,  paraffin,  etc.,  in  lieu  of  an  inexplosive  dope;  litho- 
fradeur,  nitroglycerin  mixed  with  silicious  earth,  charcoal,  sodium 
(and  sometimes  barium)  nitrate  and  sulphur;  daalin,  nitroglycerin, 
mixed  with  potassium  nitrate  and  fine  sawdust;  rend-roek,  Ilei-cules, 
Nepttune,  tonite,  vigorite,  and  other  powders,  resembling  dyna- 
mite No.  2,  i.  e.,  consisting  of  nitroglycerin  with  a  more  or  less  explo- 
sive dope;  and  mica-powder,  a  No.  1  dynamite,  in  which  the  dopeis 
fine  scales  of  mica.  The  chlorate,  picrate,  and  fidmhiate  explosives 
are  not  used  in  mining,  except  the  fulminate  of  mercury,  which  is 
employed  for  the  caps  or  exploders,  by  means  of  which  charges  of 
powder,  dynamite,  etc.,  are  fired. 

Eye.  1.  The  top  of  a  shaft.  2.  The  opening  at  the  end  of  a 
tuyere,  opposite  the  7iozzle.  3.  The  hole  in  a  pick  or  hammer-head 
which  receives  the  handle. 

Eace.  1.  In  any  adit,  tunnel,  or  stope,  the  end  at  which  work  is 
progressing  or  was  last  done.  2.  The  face  of  coal  is  the  principal 
cleavage-plane  at  right  angles  to  the  stratification.  Driving  on  the 
face  is  driving  against  or  at  right  angles  with  the  face. 

Fagot.     See  Pile. 

Eahlband,  Germ.  A  zone  or  stratum  in  crystalline  rock,  impreg- 
nated with  metallic  sulphides.  Intersecting  fissure-veins  are  en- 
riched by  the  fahlband. 

Eamp,  Newc.     Soft,  tough,  thin  shale  beds. 

Ean.  A  revolving  machine,  to  blow  air  into  a  mine  {pressure- 
fan,  blower),  or  to  draw  it  out  {suction-fan). 

Eanega,  Sp.     A  bushel;  sometimes  half  a  mule-load. 

Fang,  Derb.  An  air-course  cut  in  the  side  of  a  shaft  or  level, 
or  constructed  of  wood. 

Fast-end.  1.  The  part  of  the  coal-bed  next  the  rock.  2.  A 
gangway  with  rock  on  both  sides.     See  Loose-end. 
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Fast  shot,  Newc.  A  charge  of  powder  exploding  without  the  de- 
sired effect. 

Fathom,  Corn.  Six  feet.  A  fathom  of  mining  ground  is  six  feet 
square  by  the  whole  thickness  of  the  vein,  or  in  Cornish  phrase,  a 
fat! torn  forward  by  a  fathom  vertical. 

Fauld.     The  tymp-arch  or  working-arch  of  a  furnace.  • 

Fathom-tale,  Corn.  See  Tiit-ivork{2).  This  name  probably  arises 
from  the  payment  for  such  work  by  the  space  excavated,  and  not  by 
the  ore  produced. 

Faidt.  1.  A  dislocation  of  the  strata  or  the  vein.  2.  In  coal- 
seams,  sometimes  applied  to  the  coal  rendered  worthless  by  its  condi- 
tion in  the  seam  {slate fault,  dirt-fault,  etc.). 

Feather.     See  Plug  and  feather. 

Feathered-shot.     Copper  granulated  by  pouring  into  cold  water. 

Feathering.     See  Plugging. 

Feeder.  1.  A  small  vein  joining  a  larger  vein.  2.  A  spring  or 
stream.     3.  A  bloiver  of  gas. 

Feigh,  Newc.     Refuse  washed  from  lead-ore  or  coal. 

Feldspathic.     Containing  feldspar  as  a  principal  ingredient. 

Fell.     See  Piddle. 

Ferrie  furnace.  A  high  iron  blast  furnace,  in  the  upper  part  of 
which  crude  bituminous  coal  is  converted  into  coke. 

Ferromanganese.     An  alloy  of  iron  and  manganese. 

Ferruginous.     Containing  iron. 

Fettle,  Fettling.     See  Fix. 

Fillet.     The  rounded  corner  of  a  groove  in  a  roll. 

Fin.  The  thin  sheet  of  metal  squeezed  out  between  the  collars  of 
the  rolls  in  a  roll-train. 

Fine  metal.  1.  See  lletal.  2.  The  iron  or  plate-metal  produced 
in  the  refinery. 

Finery.  A  charcoal-hearth  for  the  conversion  of  cast  into  mal- 
leable iron. 

Fining.  1.  See  Refining.  2.  The  conversion  of  cast  into  mal- 
leable iron  in  a  hearth  or  charcoal-fire. 

Finishing -rolls.  The  rolls  of  a  train  which  receive  the  bar  from 
the  roughing-rolls,  and  reduce  it  to  its  finished  shape. 

Fire-bars.     Grajte-bars  in  a  fireplace. 

Fire-bricks.  Refractory  bricks  of  fire-clay  or  of  silicious  mate- 
rial used  to  line  furnaces. 

Fire-bridge.  The  separating  low  wall  between  the  fire-place  and 
the  hearth  of  a  reverberatory  furnace. 
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Fire-day.  A  clay  comparatively  free  from  iron  and  alkalies,  not 
easily  fusible,  and  hence  used  for  fire-bricks.  It  is  often  found  be- 
neath coal-beds. 

Fire-damp.  Light  carburetted  hydrogen  gas.  Wlien  present  in 
common  air  to  the  extent  of  one-fifteenth  to  one-thirteenth  by  volume, 
tke  mixture  is  explosive. 

Fire-setting.  The  softening  or  cracking  of  the  working-face  of  a 
lode,  to  facilitate  excavation,  by  exposing  it  to  the  action  of  a  wood- 
fire  built  close  against  it.  Now  nearly  obsolete,  but  much  used  in 
hard  rock  before  the  introduction  of  explosives. 

Fire-stlnk,  S.  Staff.  The  stench  from  decomposing  iron  pyrites, 
caused  by  the  formation  of  sulphuretted  hydrogen. 

Fissure-vein.     A  fissure  in  the  earth's  crust  filled  with  mineral. 

Fix.  To  fettle  or  line  with  a  Jix  or  fettling,  consisting  of  ores, 
scrap  and  cinder,  or  other  suitable  substances,  the  hearth  of  a  pud- 
dling furnace. 

Flang,  Corn.     A  two-pointed  miner's  pick. 

Flange.     Applied  to  a  vein  widening. 

Flap-door,  Newc.     A  manhole  door. 

Flask.  1.  The  wooden  or  iron  frame  which  holds  the  sand- 
mould  used  in  a  foundry.  2.  An  iron  bottle  in  which  quicksilver 
is  sent  to  market.     It  contains  76f  pounds. 

Flat,  Derb.  and  N.  AYales.  A  horizontal  vein  or  ore-deposit 
auxiliary  to  a  main  vein  ;  also  any  horizontal  portion  of  a  vein  else- 
where not  horizontal. 

Flat-nose  shell.  A  cylindrical  tool  with  valve  at  bottom,  for 
boring  through  soft  clay. 

Flat-rods.  A  series  of  horizontal  or  inclined  connecting-rods, 
running  upon  rollers,  or  supported  at  their  joints  by  rocking-arms, 
to  convey  motion  from  a  steam-engine  or  water-wheel  to  pump-rods 
at  a  distance. 

Flat-wall,  Corn.     A  local  term  (in  St.  Just)  for  foot-ivall. 

Flintshire  furnace.  A  reverheratory  with  a  depression,  well  or 
crucible  in  the  middle  of  the  side  of  the  hearth;  used  for  t\\Q  roasting 
and  reaction  process  on  lead  ores. 

Float-copper,  Lake  Sup.  Fine  scales  of  metallic  copper  (espe- 
cially produced  by  abrasion  in  stamping)  which  do  not  readily  settle 
in  water. 

Float-gold,  Pac.  Fine  particles  of  gold,  which  do  not  readily 
settle  in  water,  and  hence  are  liable  to  be  lost  in  the  ordinary  stamp- 
mill  process. 
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Float-ore.  Water- worn  particles  of  ore ;  fragments  of  vein-ma- 
terial found  on  the  surface,  away  from  the  vein-outcrop. 

Flookan  or  Flooking,  Corn.     See  Fluccan. 

Floor.  1.  The  rock  underlying  a  stratified  or  nearly  horizontal 
deposit,  corresponding  to  the  foot-wall  of  more  steeply-dipping  de- 
posits. 2.  A  horizontal,  flat  ore-body.  3.  A  floor,  in  the  ordinary 
sense,  or  a  plank  platform  underground. 

Floran-tln,  Corn.  Tin  ore  scarcely  visible  in  the  stone,  or 
stamped  very  small. 

Flosh,  Corn.  A  rude  mortar,  with  a  shutter  instead  of  a  screen, 
used  under  stamps. 

Floss.     Fluid,  vitreous  cinder,  floating  in  a  puddling  furnace. 

Floss-hole.     A  tap-hole. 

Floured.  The  finely  granulated  condition  of  quicksilver,  pro- 
duced to  a  greater  or  less  extent  by  its  agitation  during  the  amalga- 
mation process. 

Flowing  furnace.  A  reverheratory  with  inclined  hearth,  used  in 
Cornwall  for  treating  roasted  lead  ores  by  t\iQ  precipitation  process. 

Fluccan,  Corn.  Soft  clayey  matter  in  the  vein  ;  a  vein  or  course 
of  clay. 

Flue.     A  passage  for  air,  gas,  or  smoke. 

Flue-bridge.  The  separating  low  wall  between  the  flues  and  the 
laboratory  of  a  reverheratory  furnace. 

Flue-cinder.  Iron-cinder  from  the  reheating  furnace,  so  called 
because  it  runs  out  from  the  lower  part  of  the  flue. 

Flume.     A  wooden  conduit,  bringing  water  to  a  mill  or  mine. 

Flux.  A  salt  or  other  mineral,  added  in  smelting  to  assist  fusion, 
by  forming  more  fusible  compounds. 

Foal,  Newc.     a  young  boy  employed  in  putting  coal. 

Fodder,  North  Eng.  A  unit  employed  in  expressing  weights  of 
metallic  lead,  and  equal  to  21  hundredweight  of  112  pounds  avoir- 
dupois. 

Foge,  Corn.     A  forge  for  smelting  tin. 

Fondon.  A  large  copper  vessel,  in  which  hot  amalgamation  is 
practiced. 

Foot-piece.     See  Sill. 

Foot-ioall,  Corn.     The  wall  under  the  vein. 

Foot-way.  The  series  of  ladders  and  sollars  by  which  men  enter 
or  leave  a  mine. 

Forefield,  Newc.  The  face  of  the  workings.  The  forefield-end  is 
the  end  of  the  workings  farthest  advanced. 
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Fore-hearth.  A  projecting  bay  in  the  front  of  a  blast-furnace 
hearth,  under  the  tymp.  In  open-front  furnaces  it  is  from  the  ibre- 
hearth  that  cinder  is  tapped.     See  Dam  and  Tymp, 

Forfeiture.  The  Joss  of  possessory  title  to  a  mine  or  public  lands 
by  failure  to  comply  with  the  laws  prescribing  the  quantity  o^  assess- 
ment work,  or  by  actual  abandonment. 

Fore-poling.  A  method  of  securing  drifts  in  progress  through 
quicksand  by  driving  ahead  poles,  lath,  boards,  slabs,  etc.,  to  prevent 
the  inflow  of  the  quicksand  on  the  sides  and  top,  the  face  being  pro- 
tected by  hreast-hoards. 

Forespar.     See  Bloomary. 

For  e-y;  inning  J  Newc.     Advanced  workings. 

Forge.  1.  An  open  or  semi-open  hearth  with  a  tuyere.  2.  Eng. 
That  part  of  an  ironworks  where  balls  are  squeezed  and  haaimered 
and  then  drawn  out  into  puddle-bars  by  grooved  rolls. 

Forge-cinder.     The  slag  from  a  forge  or  bloomary. 

Formation.     See  Geological  formations. 

Fork.  1.  Corn.  The  bottom  of  the  sump.  2.  Derb.  A  piece 
of  wood  supporting  the  side  of  an  excavation  in  soft  ground. 

Forpale  or  Forepale.  The  driving  of  timbers  or  planks  horizon- 
tally ahead  at  the  working-face,  to  prevent  the  caving  of  the  ground 
in  subsequent  driving. 

Fossil  ore.     Fossiliferous  red  hematite. 

Fother,  Newc.     One-third  of  a  chaldron. 

Foundershaft.     The  first  shaft  sunk. 

Fox-tail,  S.  Wales.  The  last  cinder  obtained  in  the  fining  pro- 
cess. 

Frame,  Corn.     See  Tin-frame. 

Free.  Native,  uncombined  with  other  substances,  as  free  gold  or 
silver. 

Free  fall.  An  arrangement  by  which,  in  deep  boring,  the  bit  is 
allowed  to  fall  freely  to  the  bottom  at  each  drop  or  down-stroke. 

Free-milling.  Applied  to  ores  which  contain  free  gold  or  silver, 
and  can  be  reduced  by  crushing  and  amalgamation,  without  roast- 
ing or  other  chemical  treatment. 

Freiberg  amalgamation.     See  Barrel  amalgamation. 

Fritting.  The  formation  of  a  slag  by  heat  with  but  incipient 
fusion. 

Frontal  hammer  or  Frontal  helve,  Eng.  A  forge-hammer  lifted 
by  a  cam,  acting  upon  a  ^'  tongue  "  immediately  in  front  of  the  ham- 
mer-head. 
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Frue  vanner,  A  variety  of  continuously  working  percussion- 
table. 

Fulguratwn.     See  BUch. 

Furgen.     A  round  rod  used  for  sounding  a  bloomary  fire. 

Furnace.  1.  A  structure  in  which  heat  is  produced  by  the  com- 
bustion of  fuel.  2.  A  structure  in  which,  with  the  aid  of  heat  so 
produced,  the  operations  of  roasting,  reduction,  fusion,  steam-gener- 
ation, desiccation,  etc.,  are  carried  on,  or,  as  in  some  mines,  the 
upcast  air-current  is  heated,  to  facilitate  its  ascent  and  thus  aid  ven- 
tilation. 

Furnace  cadmium  or  cadmia.  The  oxide  of  zinc  which  accumu- 
lates in  the  chimneys  of  furnaces  smelting  zinciferous  ores.. 

Furtherance,  New^o.  An  extra  price  paid  to  hewers  when  they 
also  put  the  coal. 

Fuse.  A  tube  or  casing  fdled  with  combustible  material,  by 
means  of  which  a  blast  is  ignited  and  exploded. 

Gad.  1.  A  steel  w^edge.  2.  A  small  iron  punch  with  a  wooden 
handle  used  to  break  up  ore. 

Galemador,  Sp.    A  small  Mexican  furnace  for  roasting  silver. ores. 

Gale,  Eng.  (Forest  of  Dean.)     A  grant  of  mining  ground. 

Galiage.     Royalty. 

Gallery.     A  level  or  drift. 

Gallery-furnace.  A  retort-furnace  used  in  the  distillation  of 
mercury. 

Gallows-frame.  A  frame  over  a  shaft,  carrying  the  pulleys  for 
the  hoisting  cables. 

Galvanize,     To  coat  with  zinc. 

Ganister,  A  mixture  of  ground  quartz  and  fire-clay,  used  in  lin- 
ing Bessemer  converters. 

Gang.     1.  A  mine.     2.  A  set  of  miners. 

Gangue.     The  mineral  associated  with  the  ore  in  a  vein. 

Gangway.  1.  A  main  level,  applied  chiefly  to  coal  mines.  2. 
Newc.  a  wooden  bridge. 

Garland,  S.  Staff.  A  trough  or  gutter  round  the  inside  of  a 
shaft  to  catch  the  water  running  down  the  sides. 

Gas-coal.     See  Coal. 

Gas-furnace.     A  furnace  employing  gaseous  fuel. 

Gash.  Applied  to  a  vein  wide  above,  narrow  below,  and  termi- 
nating in  depth  within  the  formation  it  traverses. 
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Gas-producer.  A  furnace  in  which  combustible  gas  is  produced, 
to  be  used  as  fuel  in  another  furnace. 

Gas-well.     A  deep  boring,  from  which  natural  gas  is  discharged. 

Gate,  Gate-way y  or  Gate-road,  Eng.  1.  A  road  or  way  under- 
ground for  air,  water,  or  general  passage;  a  gangway.  2.  The 
aperture  in  a  founder's  mould,  through  which  the  molten  iron  enters. 

Gear,  Newc.  1.  The  working  tools  of  a  miner.  2.  The  me- 
chanical arrangements  connecting  a  motor  with  its  work. 

Geode.  A  cavity,  studded  around  with  crystals  or  mineral  mat- 
ter, or  a  rounded  stone  containing  such  a  cavity. 

Geological  formations.  Groups  of  rocks  of  similar  character  and 
age  are  called  formations.  The  diiferent  stratified  formations  have 
been  arranged  by  geologists  according  to  their  apparent  age  or  order 
of  position  stratigraphically,  and  the  fossils  they  contain.  While 
there  are  minor  points  of  difference  in  classification,  and  still  more 
in  nomenclature,  the  general  scheme  is  now  well  settled.  Three 
tables  are  given  below,  the  first  prepared  in  1878,  by  Professor  J.  D. 
Dana,  the  second  by  Professor  T.  Sterry  Hunt,  both  for  the  United 
States,  and  the  third,  referring  to  formations  found  in  Pennsylvania 
only,  by  Professor  J.  P.  Lesley.  They  are  taken  (Professor  Hunt's, 
with  later  revision  by  the  author),  from  The  Geologists  Travelling 
Handbook,  pre})ared  by  James  Macfarlane,  Ph.D.  The  numbers 
attached  to  the  different  formations  in  these  tables  will  facilitate  the 
identification  of  a  given  formation  under  different  names.  A  cata- 
logue of  the  formations  is  added  to  the  tables,  in  which  the  pre- 
dominant rocks  of  each  are  named.  The  eruptive  rocks  are  not  in- 
cluded in  these  tables,  the  determination  of  their  age  being  a  more 
difficult  and  doubtful  matter,  the  discussion  of  which  cannot  be  un- 
dertaken in  this  place.  For  lack  of  space,  also,  the  enumeration 
and  description  of  the  different  species  of  rocks  and  minerals  must 
be  omitted,  the  reader  being  referred  for  such  information  to  works 
on  lithology  and  mineralogy.     (See  next  page.) 

Geordie.     The  miners'  term  for  Stephenson's  safety-lamp. 

German  pr^ocess.  In  copper  smelting,  the  process  of  reduction  in 
a  shaft-furnace,  after  roasting,  if  necessary. 

German  silver,     A  white  alloy  of  nickel,  copper,  and  zinc. 

German  steel.     See  Steel. 

Gerstenhofer  furnace.  A  shaft-furnace  filled  with  terraces  or 
shelves,  through  which  crushed  ore  is  caused  to  fall,  for  roasting. 

Gig.     See  Kibble, 

Gin,     See  Whim, 
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PROFESSOR   J.    D.    DANA  S    TABLE   OF   GEOLOGICAL   FORMATIONS. 


SYSTEMS  OR 
AGES. 

GROUPS  OR  PERIODS. 

FORMATIONS  OR  EPOCHS. 

Age  of  man. 

20.  Quaternary. 

20.  Quaternary. 

CO 

to  3 

g 

19.  Tertiary. 

19  c.  Pliocene. 
19  b.  Miocene. 
19  a.  Eocene. 

d 
to 

C3 

a 
.2 

"£. 

18.  Cretaceous. 

17.  Jurassic. 
16.  Triassic. 

18  c.  Upper  Cretaceous. 
18  b.  Middle  Cretaceous. 
18  a.  J^ower  Cretaceous. 

17.  Jurassic. 

16,  Triassic. 

o 

'S 

o 

cS 

15.  Permian. 

14.  Carboniferous. 

13.  Subcavboniferous. 

15.  Permian. 

14c.  Upper  Coal  Measures. 
14  b.  Lower  Coal  Measures.  ] 
14  a.  Millstone  Grit. 

13  b.  Upper  Subcarboniferous. 
13  a.  Lower  Subcarbonilerous. 

»3 

o 
tc 

C3 

o 

a 
a 

'a 
o 

ft 

12.  Catskill. 
11.  Chemung. 

10.  Hamilton. 
9.  Corniferous. 

12.  Catskill. 

11  b.  Chemung. 
11  a.  Portage. 

10  c.  Genesee. 
10  b.  Hamilton. 
10  a.  Marcellus. 

9  c.  Corniferous. 
9  b.  Sclioharie, 
9  a.  Cauda  Galli. 

to 

<p 

a 
It 

(V 

> 
o 

03 
bC 
C5 

O 

C 

.2 

d 

'i-i 

8.  Oriskany. 

7.  Lower  Ilelderberg, 

6.  Salina. 

5.  Niagara. 

8.  Oriskany, 

7.  Lower  Helderberg. 

6.  Salina. 

5  c.  Niagara. 
5  1).  Clinton. 
5  a.  Medina. 

d 
.2 

"u 

u 

o 

4.  Trenton. 

3.  Canadian. 

2.  Primordial  or  Cambrian. 
1.  Archtean. 

4  c.  Cincinnati. 
4  b.  Utica. 
4  a.  Trenton. 

3  c.  Chazy. 
3  b.  Quebec. 
3  a.  Caiciferous. 

2  b.  Potsdam. 
2  a.  Acadian. 

1  b.  Huronian. 
1  a.  Laurentiau. 

i 
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PROFESSOR   T.    STERRY    HUNT  S   TABLE   OF   GEOLOGICAL 

FORMATIONS. 


AGES. 

GROUPS. 

AMERICAN  rOKMATIOKS. 

Cenozoic. 

20.  Quaternary. 

20.  Recent. 

19.  Tertiary. 

19  c.  Pliocene. 
19  b.  Miocene. 
19  a.  Eocene. 

Mesozoic. 

15.  Cretaceous. 
17.  Jurassic. 

16.  Triassic. 

18.  Cretaceous. 

17.  New  Red  Sandstone. 

16.  New  Red  Sandstone. 

Paleozoic. 

13-15.  Carboniferous. 

15.  Permo-Carboniferous. 

14.  Coal  Measures. 

13  b.  Mississippi  (Carb. Limestone). 

13  a.  Waverley  or  l^onaventure. 

8-12.  Erian  or  Devonian. 

12.  Catskill. 

11.  Cbeuiuns  and  Portaj^e. 
10.  Hamilton   (including  Genesee  1 
and  Marcellus'i. 

9.  Corniferous  or  Upper  Helderb'g 

8.  Oriskany, 

5-7.  Silurian. 

7.  Lower  Hcldorborg. 

6.  Onondaga  or  Salina. 

5  c.  Niagara  (including  Guelph). 

5  b.  ( liiiton. 

5  a.  Medina. 

5  a.  Oneida. 

4.  Upper  Cambrian,  Siluro-Cambrian, 
Ordovician,  or  Ordoviau. 

4  c.  Loraine. 
4  b.  Utica. 
4  a.  Trenton. 

3.  Middle  Cambrian. 

3  c.  Chazy. 

3  b.  Levis  (Treraadoc  and  Arenig). 

3  a.  Calciferous. 

2.  Lower  Cambrian. 

2e.  Potsdam. 

2d.  Sillery. 

2  c.  Acadian  (Menevian). 

2  b.  Taconian. 

2  a.  Keweeniau. 

Eozoic. 

1.  Primary  or  Crystalline. 

1  e   Montalhan. 

1  d.  Norian  or  Labrador.* 

1  c.  Huronian. 

1  b.  Arvonian. 

1  a.  Laurentian. 

*  Professor  Hu 

nt  says  tbere  are  many  reasons  for  believin 
the  Arvonian  and  Huronian. 

g  that  the  Norian  may  be  older  than 
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PROFESSOR  J.  P.  Lesley's  provisional  nomenclature  of  the 

SECOND   GEOLOGICAL   SURVEY   OF   PENNSYLVANIA. 


NAMES  PROVISIONALLY  ADOPTED. 

Numbers  used 
in  tirst  survey. 

20.  Quaternary. 

16.  Triassic. 

14  c.  Upper  Barren  Measures. 

14  c.  ^iononpahpla  River  Coal  Series. 

14  1).  Lower  Barren  Measures. 

14  b.  Allejjlieny  River  Coal  Series. 

14  a.  Fottsville"  Conglomerate. 

XTIL 
XIIL 
XIIL 
XIII. 
XIL 

Bernician. 

13  b.  Mauch  Chunk  Red  Shale.    (Unibral.) 
13  a.  Pocono  Gray  Sandstone.    (Vespertine.) 

XI. 
X. 

Devonian. 

12.  Catskill  Red  Sandstone.    (Ponent.) 

11  b.  Chemung. 

11a.  Portage. 

10  c.  Genesee. 

10  b.  Hamilton. 

10a.  Maicelhis. 

9.  Upper  Helderberg. 

8.  Oribkauy. 

IX. 
VIIL 

viir. 
VI  n. 

VII L 
VIIL 

vin. 

VII. 

Silurian. 

7.  Lower  Helderberg.    (Lewistown  Limestone.) 
5b.  Clinton. 
5  a.  Medina. 
5  a.  Oneida. 

VI. 
V. 
IV. 
IV. 

Siluro-Cambrian. 

4  c.  Hudson  River. 
4  b.  Utica. 
4  a.  Trenton. 
3  a.  Calciferous. 
2  b.  Potsdam. 

in. 
in. 

IL 

IL 

I. 

1.  Azoic. 

Notes. — In  the  following  notes  Professor  Hunt's  classification  is  sufficiently 
followed  to  show  the  nature  of  the  older  groups  which  he  distinguishes. 

la.  Laurentian.  Chiefly  massive  gneiss,  reddish  or  grayish,  sparingly  mica- 
ceous, often  hornblendic.  Some  crystalline  limestone,  magnetic  iron,  and  other 
metallic  ores, 

lb.  Arvonian.  Chiefly  petrosilex,  often  becoming  quartziferous  prophyry, 
with  some  quartzites  and  hornblendic  rocks  ;  magnetic  and  specular  iron  ores. 

Ic.  Norian.  Chiefly  a  feldspathic  rock  (norite),  which  sometimes  carries  gar- 
net, epidote,  etc. ;  also,  great  beds  of  titaniferous  iron  ore. 

Id.  Huronian.  Chloritic  schists,  greenstone  (diorite  or  diabase),  serpentine, 
steatite,  dolomite,  copper,  chrome,  nickel,  and  iron  ores. 

le.  Montnlban.  Fine-grained  micaceous  or  hornblendic  gneiss,  chrysolite 
rock,  serpentine,  mica-schist,  granite. 

2a.  Keweenlan.  The  copper-bearing  series  of  Lake  Superior,  made  up  of  sand- 
stones and  conglomerates,  with  much  interstratified  eruptive  rock. 

2b.  Taconian.  Granular  quartzites,  argillites  and  nacreous  or  hydro-mica- 
ceous schists  and  great  masses  of  crystalline  limestone,  marbles,  magnetite, 
sidorite,  and  pyrite  changing  to  limonite, 

2c  and    d.  Acadian  (and  Sillery).     Fossiliferous  sandstone  and  shale. 

2e.  Puisdam.     Sandstone,  conglomerate. 
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3a.   Calciferous.     Sandy  magnosian  limestone,  calcareous  sandstone. 

3b.   Quebec.     Sandstone,  limestone  conglomerate,  black  slate 

3c.   Chnzy.     Limestone,  chert. 

4a.  Trenton.  Limestone,  buff  and  blue;  dolomite  carrying  lead-ore  deposits; 
brown-hematite  beds. 

4b.    Utica.     Dark  carbonaceous  slate  ;  impure  limestone. 

4c.   Hudson  River.     Slate,  shale,  clay,  grit. 

5a.   Medina.     Conglomerate  ;  argillaceous  sandstone. 

5b.  C Union.  Sandstone,  shale,  conglomerate,  limestone,  fossiliferous  red  hem- 
atite, or  oolitic  iron-ore  bed. 

5c.  JSlagara.     Clay  shale;  limestone. 

6.  Salbia.     Kcd  shale,  gypseous  shale,  hydraulic  lime,  salt. 

7.  Lower  llelderberg.     Ijimestone,  shaly  or  compact,  and  fossiliferous. 

8.  Oriskany.     Sandstone. 

9.  Corniferous  or  Upper  Helderberg.     Principally  limestone. 

9a.  Cauda-galli.  Fine-grained  calcareous  and  argillaceous,  drab  or  brownish 
sandstone;  peculiar  fossils. 

9b.  SchoJinrie  Grit.  Fine-grained  calcareous  grit,  similar  to  9a,  but  with  dif- 
fering fossils. 

9c.  0)ic7idaga,  and  9d.  Corniferous.  Gray,  blue,  black  limestone.  At  the  top 
of  9d  occur  the  Marcellus  iron  ores  (carbonate). 

10a.  Marcellus.  Black  or  dark-brown  bituminous  and  pyritiferous  shales.  In 
10a  and  9d  occur  the  petroleum  deposits  of  Canada. 

10b.  Hamilton.     Slate,  shale,  sandstone,  calcareous  and  argillaceous. 

10b.    Tally.     Impure  dark  limestone. 

10c.   Genesee.     Black  clay  slate. 

11a.   Portage.     Green  and  black  sandy  and  slat}^  shales,  sandstone,  flagstone. 

lib.  C/iemvng.  Thin-bedded  greenish  sandstones  and  flagstones,  with  inter- 
vening shales,  and  rarely  beds  of  impure  limestone. 

12.  CaiskUl.  Red,  gray  sandstone,  grindstone  grit,  greenish  shale,  conglom- 
erate. 

13a.   Lower  Sub  carboniferous.     Sandstone,  limestone,  small  local  coal  beds. 

13b,  Upper  Subcarboniferous.  Red  shale,  red  and  gray  sandstone,  blue  lime- 
stone. 

14a.  Millstone  grit.  White  or  yellow  sandstone,  and  conglomerate  of  quartz 
pebbles. 

14b.  and  14c.  Coal  measures.  Fire-clay,  shale,  sandstone,  conglomerate,  lime- 
stone, bituminous  coal,  anthracite,  iron  ore,  salt. 

15.  Per7nian.     Limestone,  sandstone,  marl,  shale. 

16.  Triassic.  Red  sandstone,  red  shale,  conglomerate,  lignite,  trap  dikes,  cop- 
per ore,  coal. 

17.  Jurassic.  Marl,  limestone,  probably  the  gold-bearing  slates  of  Cali- 
lornia. 

18.  Cretaceous.     Earthy  beds  of  sand,  marl,  clay,  limestone,  chalk,  lignite. 

19.  Tertiary.     Earth}'  sand,  clay,  marl,  limestone,  sandstone. 

20.  Quaternary.  Sand,  pebbles,  boulders,  clay,  diluvium,  alluvium  ;  gravel 
and  placer  tin  and  gold  deposits. 

Note. — The  primary  and  crystalline  schistose  rocks  contain  the  larger  number 
of  mineral  veins.  The  ancient  magnesian  limestones  (probabl}'  Devonian)  are 
characterized  in  many  localities  by  deposits  of  argentiferous  lead  ore  and  of 
zinc  ore. 
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Ginging,  Derb.     The  lining  of  a  shaft  with  masonry. 
Giraffe.     A  car  of  peculiar  construction  to  run  on  an  incline. 
Girdle.     A  thin  bed  of  stone, 
(r/rd/e,  Newc.     a  thin  stratum  of  stone. 

Girth.  In  square-set  timbering,  a  horizontal  brace  in  the  direction 
of  the  drift. 

Glazy.     See  Iron. 

Glist,  Corn.     Mica. 

Glut,  Newc.     a  piece  of  wood,  used  to  fill  up  behind  cribbing  or 

tubbing. 

Goaf,  Eng.  An  excavated  space ;  also,  the  waste  rock  packed 
in  old  workings. 

Goaves.     Old  workings. 

Gob,  S.  Wales.  See  Goaf.  Both  terms  are  chiefly  used  in  col- 
lieries, and  are  apparently  the  same  word.  Local  usage  seems  to 
give  to  goaf  rather  the  meaning  of  the  space  in  which  the  roof  has 
fallen  after  the  pillars  have  been  removed,  and  to  gob  that  of  a  space 
packed  with  waste  after  long-wall  extraction  of  the  coal. 

Gobbing.     Packing  with  waste  rock.     See  Stowiny. 

Gob-up,  Eng.  Of  a  blast  furnace,  to  become  obstructed  in  work- 
ing by  reason  of  a  scaffold  or  a  salamander. 

Gob-fire.     Fire  produced  by  the  heat  of  decomposing  gob. 

Goffan  or  Goffen,  Corn.     A  long  narrow  surface-working. 

Gold-ores.  Native  gold ;  telluric  gold  ore  {sylvanite,  milllerite, 
nagyagite,  tellurides  of  gold,  silver,  and  lead) ;  auriferous  lead,  zinc, 
and  copper  ores. 

Good  levels,  Corn.     Levels  nearly  horizontal. 

Good  roasting.     See  Roasting. 

Gopher  or  Gopher-drift.  An  irregular  prospecting-drift,  follow- 
ing or  seeking  the  ore  without  regard  to  maintenance  of  a  regular 
grade  or  section. 

Gossan  or  Gozzan,  Corn.  Hydra  ted  oxide  of  iron,  usually  found 
at  the  decomposed  outcrop  of  a  mineral  vein. 

Gothic  groove.     A  groove  of  Gothic  arch  section  in  a  roll. 

Gouge.  A  layer  of  soft  material  along  the  wall  of  a  vein,  favor- 
ing the  miner,  by  enabling  him  after  "  gouging  '^  it  out  with  a  pick, 
to  attack  the  solid  vein  from  the  side. 

Grain^  Eng.  Of  coal,  the  lines  of  structure  or  parting  parallel 
with  the  main  gangways  and  hence  crossing  the  breasts. 

Grain-tin,  Corn.     1.  Crystalline  tin  ore.     2.  Metallic  tin. 

Grapnel.     An  implement  for  removing  the  core  left  by  an  annu- 
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]ar  drill  in  a  bore-hole,  or  for  recovering  tools,  fragments,  etc.,  fallen 
into  the  hole. 

Grampus,  U.  S.  The  tongs  with  which  bloomai^y  loups  and  billets 
are  handled. 

Granzas,  Sp.     Small  pieces  of  ore. 

Graphite.     A  crystalline  form  of  carbon. 

GrapkiViG  carbon.  That  portion  of  the  carbon  in  iron  or  steel 
which  is  present  as  graphite. 

Grass,  Corn.  The  surface  over  a  mine.  Bringing  ores  to  grass 
is  taking  them  out  of  the  mine. 

Grassero,  Sp.     A  slag-heap. 

Grate,  Corn.     See  Screen  (as  applied  to  stamps). 

Grate  coal,  Penn.     See  Coal. 

Gravel- mi7ie,  U.  S.     An  accumulation  of  auriferous  gravel. 

Grueso,  Sp.  Lump  ore.  The  term  is  in  use  at  the  quicksilver 
mines  of  California. 

Green  sand.  Sand  used  for  moulds  without  previous  drying  or 
mixture. 

Gray  ore,  CoRN-.     Copper-glance.     See  Copper-ores. 

Gray  slag.  The  slag  from  the  Flintshire  lead  furnace.  It  is  rich 
in  lead. 

Griddle,  Corn.     A  miner's  sieve  to  separate  ore  from  halvans. 

Grip.     A  small,  narrow  cavity. 

Grizzly,  Pac.  A  grating  to  catch  and  throw  out  large  stones 
from  sluices. 

Groove  or  Grove.  1.  Derb.  A  mine;  from  the  Germ.  Grube. 
See  Roll. 

Ground,  Corn.  The  rock  in  which  a  vein  is  found;  also,  any 
given  portion  of  the  mineral  deposit  itself. 

Growan,  Corn.    Decomposed  granite  ;  sometimes  the  granite  rock. 

Gubbin.     A  kind  of  ironstone. 

Grundy.     Granulated  pig  iron. 

Ghiard.  A  support  in  front  of  a  roll-train  to  guide  the  bar  into 
the  groove,  sometimes  called  a  side-guide. 

Guides.  1.  The  timbers  at  the  side  of  a  shaft  to  steadv  and  o;uide 
the  cage.  2.  The  holes  in  a  cross-beam  through  which  the  stems 
of  the  stamps  in  a  stamp-mill  rise  and  fall.  3.  In  a  rolling-mill  a 
guide  is  a  wedge-shaped  piece  held  in  the  groove  of  a  roll  to  prevent 
the  sticking  of  the  bar  by  peeling  it  out  of  the  groove.  When  the 
guide  is  held  by  a  hanger  or  counter-weight  against  the  under  side 
of  the  roll,  it  is  called  a  hanging-guide. 
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Guillotine.     A  machine  for  breaking  iron  with  a  falling  weight. 

Gullet.     An  opening  in  the  strata. 

Gun-metal.  An  alloy  of  copper  with  tin  or  zinc,  and  sometimes 
a  little  iron.  The  common  formula  is  nine  parts  copper  to  one  tin. 
Aich^s  metal  and  some  other  gun-metals  contain  zinc  and  iron  but 
no  tin. 

Gunnies  or  Gunniss,  Corn.  The  vacant  space  left  where  the  lode 
has  been  removed. 

Hacienda,  Sf.  Exchequer;  treasury;  public  revenue;  capital; 
funds ;  wealth ;  landed  estate ;  establishment.  In  mining  it  is 
usually  applied  to  the  offices,  principal  buildings,  and  works  for 
reducing  the  ores. 

Hack.  1.  See  Pick.  2.  A  sharp  blade  on  a  long  handle  used 
for  cutting;  billets  in  two. 

Hade,  Derb.     See  Underlay, 

Hdhner  furnace.  A  continuously-working  shaft  furnace  for 
roasting  quicksilver  ores.  The  fuel  is  charcoal,  charged  in  alter- 
nate layers  with  the  ore.  The  VaWAlta  furnace  is  a  modification, 
having  the  iron  tubes  of  the  Alberti.  * 

Hair-plate.     See  Bloomary. 

Half-marrow,  Newc.  Young  boys,  of  whom  two  do  the  work  of 
one  putter. 

Halvans,  Corn.     Ores  much  mixed  with  impurities. 

Hammer-pich.     See  Poll-pick. 

Hanging-coal.  A  portion  of  the  coal-seam  which,  by  the  removal 
of  another  portion,  has  had  its  natural  support  removed,  as  in  holing. 

Hanging-guide.     See  Guide. 

Hanging-side,  or  Hanging-wall,  or  Hanger,  Corn.  The  wall  or 
side  over  the  vein. 

Hazel.     Freestone. 

Hard  head.  ■  A  residual  alloy,  containing  much  iron  and  arsenic, 
produced  in  the  refining  of  tin. 

Hard  lead.  Lead  containing  certain  impurities,  principally  anti- 
mony. 

Hasenclever  furnace.  A  roasting  furnace,  consisting  of  a  long  in- 
clined channel  (in  its  first  form,  a  succession  of  inclined  shelves  in  a 
shaft)  down  which  the  ore  slides  in  a  thin  sheet,  heated  from  below. 

Plead-gear.  That  part  of  deep-boring  apparatus  which  remains 
at  the  surface. 

Head- house.     See  Gallows- frame. 

Heading.     1.  The  vein  above  a  drift.     See  Bach.     2.  An  interior 
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level  or  air-way  driven  in  a  mine.  3.  In  long-wall  workings,  a 
narrow  pasi^age  driven  upward  from  a  gangway  in  starting  a  work- 
ing in  order  to  give  a  loose  end. 

Headings.  In  ore-dressing,  the  heavier  portions  collecting  at  the 
up})er  end  of  a  buddle  or  sluice,  as  opposed  to  the  tailings,  which 
escape  at  the  other  end,  and  the  middlings,  which  receive  further 
treatment. 

Head-piece.     See  Cap. 

Headsman,  Newc.     See  Putter. 

Head-stocks.     See  Gallows-frame. 

Head-tree,  Newc.     See  Cap. 

Headioay,  Newc.  See  Cross-heading.  The  headways  are  the 
second  set  of  excavations  in  post-and-stall  work. 

Heap,  Newc.     The  refuse  at  the  pit's  mouth. 

Hearth.  1.  The  floor  or  so/e  of  a  reverberatory.  2.  The  crucible 
of  a  blast  furnace. 

Hearth-ends.  Particles  of  unreduced  lead  ore  expelled  by  the  blast 
from  a  furnace. 

Heat.  One  operation  in  a  heating  furnace,  Bessemer  converter, 
puddling  furnace,  or  other  furnace  not  operating  continuously. 

Heating-furnace.  The  furnace  in  which  blooms  or  jj//es  are 
heated  before  hammering  or  rolling. 

Heave,  Corn.     A  horizontal  dislocation  of  a  vein  or  stratum. 

Helve.     A  lift-hammer  for  forging  blooms. 

Henderson  process.  The  treatment  of  copper  sulphide  ores  by 
roasting  with  salt,  to  form  chlorides,  which  are  then  leached  out  and 
precipitated.  Henderson  originally  proposed  to  volatilize  the  chlo- 
rides, and  the  leaching  and  precipitation  are  not  original  with  him. 
Longmaid  and  many  other  metallurgists  have  proposed  them  in 
various  modifications. 

Hercules  powder.     See  Explosives. 

Hewer,  Neavc.     The  man  who  cuts  the  coal. 

Hitch,  Scot,  and  Neavc.  1.  A  minor  dislocation  of  a  vein  or 
stratum  not  exceeding  in  extent  the  thickness  of  the  vein  or  stratum. 
2.  A  hole  cut  in  the  side-rock,  when  this  is  solid  enough,  to  hold 
the  cap  of  a  set  of  timbers,  permitting  the  leg  to  be  dispensed  with. 

High  explosive.  An  explosive  or  detonating  compound  developing 
more  intense  and  instantaneous  force  than  gunpowder.  Most  high 
explosives  in  general  use  contain  nitroglycerin.     See  Explosives. 

Hog-bach.  1 .  A  sharp  anticlinal,  decreasing  in  height  at  both  ends 
until  it  runs  out.     2.  A  ridge  produced  by  highly  tilted  strata. 

VOL.  IX. — 10 


146      A   GLOSSARY   OF   MINING   AND   METALLURGICAL   TERMS. 

Hogger-pipe.     The  upper  teninnal  pipe  of  the  mining  pump. 

Hogger-pump.     The  topmost  pump  in  a  shaft. 

Holing.  1.  The  working  of  a  lower  part  of  a  bed  of  coal  for 
bringing  down  the  upper  mass.  2.  The  final  act  of  connecting  two 
workings  underground. 

Hollow-fire,  Eng.  A  kind  of  hearth  with  blast,  used  for  reheating 
the  stamps  produced  in  the  South  Welsh  process  of  fining,  or  the  bars 
of  blister-steel  in  the  manufacture  of  shear-steel. 

Hallway  process.  The  removal  of  sulphur  from  iron  and  copper 
sulphides  by  fusion  and  pneumatic  treatment,  analogous  to  the  manner 
in  which  carbon,  etc.,  are  removed  in  the  Bessemer  process. 

Homogeneous  metal.  A  variety  of  ingot-metal  produced  by  the 
open-liearth  process.     See  Steel. 

Hopper.  1.  A  trap  at  the  foot  of  a  shoot  for  regulating  the  con- 
tents of  a  wagon.     2.  A  place  of  deposit  for  coal  or  ore. 

Horn.     See  Spoon. 

Horse,  Corn.  1.  A  mass  of  country-roch  inclosed  in  an  ore-deposit. 
2.   See  Salamander. 

Horse-back,  Newc.  A  portion  of  the  roof  or  floor  which  bulges 
or  intrudes  into  the  coal. 

Horse-flesh  ore.  Corn.     Bornite.     See  Copper-ores. 

Horse-gin.     Gearing  for  hoisting  by  horse-power. 

Hot-bed.  A  platform  in  a  rolling-mill  on  which  rolled  bars  lie  to 
cool. 

Hot-blast.     Air  forced  into  a  furnace  after  having  been  heated. 

Hotching,  North  Eng.     See  Jigging. 

House  of  ivater.  Corn.     A  cavity  or  space  filled  with  water. 

Howell  furnace.     A  form  of  revolving  roasting  furnace. 

H-piece.  That  part  of  a  plunger-lift  in  which  the  valves  or  clacks 
are  fixed. 

Hiidge.     An  iron  bucket  for  hoisting  ore  or  coal. 

Hulk.     See  Dzhu. 

Huel,  Conn.     See  Wheal. 

Hungry.  A  term  applied  to  hard,  barren  vein-matter,  such  as 
white  quartz  (not  discolored  with  iron  oxide). 

Hunt  &  Douglas  j)rocess.  The  treatment  of  copper  oxide  (or 
roasted  sulphide)  ores  by  dissolving  the  oxides  of  copper  in  a  hot 
solution  of  protochloride  of  iron  and  common  salt.  From  the  solu- 
tion thus  obtained,  metallic  iron  precipitates  metallic  copper,  at  the 
same  time  regenerating  the  protochloride  of  iron  for  further  use. 


\ 


A   GLOSSARY   OF   MINING    AND    METALLURGICAL   TERMS.       147 

Hurdy-gurdy  wheel.  A  water- wheel  operated  by  the  direct  im- 
pact of  a  stream  upon  its  radially-placed  paddles. 

Hashing.  The  discovery  of  veins  by  the  accumulation  and  sudden 
discharge  of  water,  which  washes  away  the  surface  soil  and  lays  bare 
the  rock.     See  Booming. 

Hutch.  1,  Scot.  A  low  car,  suited  both  to  run  in  a  level  and 
to  be  hoisted  on  a  cage.  2,  Corn.  A  cistern  or  box  for  washing 
ore.     See  Jig. 

Hydraulicking,  Pac.  Washing  down  a  bank  of  earth  or  gravel 
by  the  use  of  pipes,  conveying  water  under  high  pressure. 

Mr ia  furnace.     See  Leopoldi  furnace. 

Impregnation.  An  ore-deposit  consisting  of  the  country-rock 
impregnated  with  ore,  usually  without  definite  boundaries. 

Inhye  or  Inhyeside,  Newc.  Further  into  a  mine,  away  from  the 
shaft. 

Incline.  1.  A  shaft  not  vertical;  ui^ually  on  the  dip  of  a  vein. 
See  Slope.     2.  A  pla.ne,  not  necessarily  under  ground. 

Indicator.  1.  An  instrument  for  showing  at  any  moment  the 
position  of  the  cage  in  the  shaft.  2.  An  instrument  for  recording, 
by  a  diagram,  upon  a  card  the  varying  pressure  of  the  steam  in  the 
cylinder  of  a  steam-engine  during  the  stroke. 

Infiltration-theory.  The  theory  that  a  vein  was  filled  by  the  in- 
filtration of  mineral  solutions. 

Ingot.     A  cast  bar  or  block  of  metal. 

Injection-theory.  The  theory  that  a  vein  was  filled  first  with 
molten  mineral. 

In  place.  Of  rock,  occupying,  relative  to  surrounding  masses, 
the  position  that  it  had  when  formed. 

Inquartation.     See  Quartation. 

Intake.  The  passage  by  which  the  ventilating  current  enters  a 
mine.  See  Downcast,  which  is  more  appropriate  for  a  shaft;  Intake 
for  an  adit. 

Imvalls.     The  interior  walls  or  lining  of  a  shaftfurnace. 

Irestone.     Hard  clay  slate;  hornstone ;  hornblende. 

Irestone  or  Ironstone,  Corn.     Greenstone. 

Iron.  The  principal  varieties  of  iron  are  wrought-iron  and  cast- 
iron  (see  Pig-iron).  Wrought-iron,  also  called  bar-iron  and  weld-iron, 
is  the  product  of  the  forge  or  the  puddling  furnace,  cast-iron  o^  ihe 
blast  furnace.  The  former  approaches  pure  iron  ;  the  latter  is  an 
alloy  of  iron  and  carbon.    Steel  except  some  of  the  so-called  "low^' 


148      A    GLOSSARY   OF    MINI>'G   AND    METALLURGICAL   TERMS. 

or  "mild"  steels,  which  are  more  nearly  wronght-iron  (fused  and 
cast)  stands  between  them,  having  less  carbon  than  cast-iron  and 
more  than  wrought-iron.  Some  of  the  carbon  in  cast-iron  is  usually 
segregated  during  cooling  in  the  form  of  graphite,  and  this  deter- 
mines the  grade  of  the  iron  as  No.  1  foundry  (the  most  graphitic, 
coarsely  crystalline,  soft  and  black).  No.  2  foundry  (less  open  in 
grain),  gray  forge  or  mill-iron  (still  closer  in  grain,  suitable  for 
puddling),  mottled  (spotted  with  white  iron),  and  white  (hard,  brittle, 
radially  crystalline,  containing  its  carbon  mostly  in  alloy  with  the 
iron,  and  showing  no  visible  graphite).  These  grades  are  also  called 
simply  No.  1,  2,  3,  etc.  So-called  silver-gray,  glazy,  or  carbonized 
iron  is  usually  an  iron  rendered  brittle  by  excess  of  silicon.  Ingot 
iron,  see  Steel.  Anthracite,  charcoal,  and  coke  iron  are  names  given 
to  pig-iron  according  to  the  fuel  with  which  it  is  made. 

Iron  hat.    ■  See  Gossan. 

Iron-ores :  Magnetic  {magnetite,  protoperoxide),  specular  {hematite 
proper,  red  hematite,  anhydrous  peroxide),  broivn  iron  ore  {hematite, 
broicn  hematite,  Umonite,  etc.,  hydrated  peroxides),  spathic  {siderite, 
carbonate),  clay-ironstone  {black  band,  argillaceous  siderite).  See 
Fossil  ore. 

Iron-reduction  process.     See  Precipitation  process. 

Ironstone.     1.  Iron-ore.     2.  See  Irestone. 

Jacket.  A  covering  to  prevent  radiation  of  heat,  as  the  jacket  of 
a  steam  boiler  ;  also,  a  casing  around  a  furnace  hearth  in  which  water 
is  allowed  to  stand  or  circulate  to  keep  the  walls  cool. 

Jackhead-pit.     A  small  shaft  sunk  Avithin  a  mine. 

Jackhead-pump.  A  subordinate  pump  in  the  bottom  of  a  shaft, 
worked  by  an  attachment  to  the  main  pump-rod. 

Jack-roll,  Newc.     See  Windlass. 

Jadding  or  Judding.     See  Holing. 

Jagging.  A  mode  of  carrying  ore  to  the  reduction-works  in  bags 
on  horses,  mules,  etc. 

Jars.  A  part  of  percussion-drilling  apparatus  for  deep  holes, 
which  is  placed  between  the  bit  and  the  rods  or  cable,  and  which  by 
producing  at  each  up-stroke  a  decided  jar  of  the  bit  jerks  it  up, 
though  it  may  be  tightly  wedged  in  the  hole. 

Jig-brow.     See  Jinny-road. 

Jig-chain.  S.  Staff.  A  chain  hooked  to  the  back  of  a  skip 
and  running  round  a  post,  to  prevent  its  too  rapid  descent  on  an 
inclined  plane. 
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Jigging,  Corn.  Separating  ores  according  to  specific  gravity  with 
a  sieve  agitated  up  and  down  in  water.  The  apparatus  is  called  d^jig 
or  jigger. 

Jinny-road.     A  gravity  plane  underground. 

Joackimsthal process.  The  extraction  of  silver  from  sulphuretted 
ores  by  converting  into  chloride,  leaching  with  sodium  hyposulphite, 
and  precipitating  the  silver  as  sulphide  with  sodium  sulphide. 

Joiol,  Newc.  a  noise  made  for  a  signal  by  hammering  at  the 
faces  of  two  levels  expected  to  meet. 

Judge,  Derb.  and  Newc.  A  measuring-stick  to  measure  coal- 
work  under  ground. 

Judd,  Newc.  In  ichole  wo7'Jcing,  a  portion  of  the  coal  laid  out 
and  ready  for  extraction  ;  in  pillar-worJcing  {i.  e.,  the  drawing  or  ex- 
traction of  pillars),  the  yet  unremoved  portion  of  a  pillar. 

Jugglers.  Timbers  set  obliquely  against  pillars  of  coal,  to  carry 
a  plank  partition,  making  a  triangular  air-passage  or  man-w^ay. 

Jump.  1,  Pac.  To  take  possession  of  a  mining  claim  alleged  to 
have  been  forfeited  or  abandoned.     2.  A  dislocation  of  a  vein. 

Jumper,  Corn,  and  Newc.  A  drill  or  boring  tool,  consisting  of 
a  bar,  which  is  "jumped"  up  and  down  in  the  bore-hole. 

Kann,     See  Cand. 

Kast  furnace.  A  small  circular  shaft  furnace  with  three  or  four 
tuyeres,  for  lead  smelting. 

Kechle-mecMe.     The  poorest  kind  of  lead  ore. 

Keeve.  1.  See  Cauf.  2.  A  tub  used  in  collecting  grains  of  heavy 
ore  or  metal  ;  a  dolly  tub. 

I^ernel-roasting.     See  Roasting. 

Kevil,  Derb.  A  veinstone,  consisting  of  a  mixture  of  carbonate 
of  lime  and  other  minerals. 

Kibhal  or  Kibble,  Corn,  and  Wales.  An  iron  bucket  for  raising 
ore. 

KicJcer.  Ground  left  in  first  cutting  a  vein,  for  support  of  its 
sides. 

Kieve,  Corn.     A  tub  for  tozing  tin-ore. 

Killas,  Corn.     Clay-slate. 

Kiln.  A  furnace  for  the  calcination  of  coarsely  broken  ore  or 
stone;  also,  an  oven  for  drying,  charring,  etc. 

Kindts  plug.  A  wooden  plug  attached  to  an  iron  rod,  used  in 
connection  with  sand  for  recovering  tubing  from  bore-holes. 
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King-pot.  The  large  central  pot  or  crucible  in  a  brass-raeltiiig 
furnace. 

King^s  yelloic.     Sulphide  of  arsenic. 

Klrvlng,  Newc.  The  cutting  made  at  the  bottom  of  the  coal  by 
the  hewer. 

Kish.  The  blast-furnacemen's  name  for  the  graphite-segrega- 
tions seen  in  pig-iron  and  in  the  cinder  of  a  furnace  making  a  very 
gray  "iron. 

Kit.     A  wooden  vessel. 

Kitchen.     See  Laboratory  (2). 

Knits  or  Knots.     Small  particles  of  ore. 

Knobhling-fire.     A  hloomary  for  refining  cast-iron. 

Knochings.     See  Riddle. 

Knox  &  Osborne  furnace.  A  continuously  working  shaft-furnace 
for  roasting  quicksilver  ores,  having  the  fireplace  built  in  the  ma- 
sonry at  one  side.     The  fuel  is  wood. 

Knots.     Small  })articles  of  ore. 

Krbhnhe  process.  The  treatment  of  silver  ores  preparatory  to 
amalgamation,  by  humid  chloridization  with  copper  dichloride. 

Krupp  washing  process.  The  removal  of  silicon  and  phosphorus 
from  molten  pig  iron  by  running  it  into  a  Pernot  fiuiiace,  lined 
with  iron  oxides.  Iron  ore  may  also  be  added,  and  the  bath  is 
agitated  by  rotation  for  five  to  eight  minutes  only.  See  BeWs  de- 
phosphorizing process. 

Labor,  Sp.  Labor  ;  work ;  a  working.  This  terra  is  applied  in 
mining  to  the  work  which  is  actually  going  on,  and  to  the  spaces 
which  have  been  dug  out.     It  includes  galleries,  cavities,  and  shafts. 

Laboratory.  1.  A  place  fitted  up  for  chemical  analysis,  etc. 
2.  The  space  between  the  fire  and  flue-bridges  of  a  reverberatory 
furnace  in  which  the  work  is  performed  ;  also  called  the  kitchen  and 
the  hearth. 

Ladle.  A  vessel  into  which  molten  metal  is  conveyed  from  the 
furnace  or  crucible,  and  from  which  it  is  poured  into  the  moulds. 

Laggivg.  Planks,  slabs,  or  small  timber  placed  over  the  caps  or 
behind  the  posts  of  the  timbering,  not  to  carry  the  main  weight,  but 
to  form  a  ceiling  or  a  wall,  preventing  fragments  of  rock  from  fall- 
ing through. 

Lame-skirting,  Newc.  Widening  a  passage  by  cutting  coal  from 
the  side  of  it. 
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Lander^  Corn.  The  man  at  the  shaft-mouth  who  receives  the 
kibble. 

Landry-box,  T^EWC.  A  box  at  the  top  of  a  set  of  pumps  into 
which  the  water  is  delivered. 

Lath  door-set.  A  weak  lath-frame  surrounding  a  main  door- 
frame, the  space  between  being  for  the  insertion  o^  spills. 

Lath-frame  or  crib.  A  weak  lath-frame,  surrounding  a  main 
erib,  the  space  between  being  for  the  insertion  of  piles. 

Laths,  Corn.     The  boards  or  lagging  put  behind  the  durns. 

Launder,  CoRN.     A  wooden  trough,  gutter  or  sluice. 

Lazadores,  Sp.     Persons  employed  to  collect  workmen  for  a  mine. 

Lazyback,  S.  Staff.  The  place  at  the  surface  where  coal  is  stacked 
for  sale. 

Leaching.     See  Lixiviation. 

Lead  (pronounced  like  the  verb  to  lead),  Pac.     See  Lode. 

Ljeadfiime.  The  fumes  escaping  from  lead  furnaces,  and  contain- 
ing both  volatilized  and  mechanically  suspended  metalliferous  com- 
pounds. 

Leader,  Corn.     A  small  vein  leading  to  a  larger  one. 

Lead-ores.  Galena  [galenite,  sulphide);  antimonial  lead-ore  (bour- 
nonite,  sulphantimonide  of  lead  and  copper) ;  white  lead-ore  (cerus- 
site,  carbonate) ;  green  lead-ore  ['pyromorphite,  the  phosphate,  or 
mimetite  or  mimetesite,  the  arseno-chloride) ;  lead-vitriol  (anglesite, 
sulphate) ;  yellow  lead-ore  {wulfenite,  molybdate) ;  red  lead-ore 
(crocoite,  chromate). 

Lead-spar,  Corn.   Anglesite.    See  Lead-ores. 

Leap,  J)erb.     A  fault,     ^ee  Jump. 

Leat,  Corn.     A  watercourse. 

Leath.     Applied  to  the  soft  part  of  a  vein. 

Leavings,  Corn.    The  ores  left  after  the  crop  has  been  removed. 

Ledge,  Pac.     See  Lode. 

Ledger-wall.    See  Foot-wall. 

Leg.  A  prop  of  timber  supporting  the  end  of  a  stull,  or  the  cap 
of  a  set  of  timber. 

Leopoldi  furnace.  A  furnace  for  roasting  quicksilver  ores,  differ- 
ing from  the  Bustamente  in  having  a  series  of  brick  condensing  cham- 
bers. Both  are  intermittent,  i.  e.,  have  to  be  charged  and  fired 
anew  after  each  operation.  The  California  intermittent  furnace  is  a 
modification  of  the  Leopoldi,  having  the  fireplace  on  the  side. 

Level.  A  horizontal  passage  or  drift  into  or  in  a  mine.  It  is  cus- 
tomary to  work  mines  by  levels  at  regular  intervals  in  depth,  num- 
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bered  in  their  order  below  the  adit  or  drainage  level,  if  there  be 
one. 

Lewis.  An  iron  instrument  for  raising  heavy  blocks  of  stone. 

Ley,  Sp.  Proportion  of  metal  in  the  ore;  fineness  of  bullion; 
also,  an  alloy  or  base  metal. 

Lid.  A  flat  piece  of  wood  placed  between  the  end  of  a  vrop  or 
stempel  and  the  rock. 

Lifters,  CoRN".  The  wooden  beams  used  as  stemsiov  stamps  in  old- 
fashioned  stamp-mills. 

Lift-hammer.    See  Tilt-hammer. 

Lifting-dog.  A  claw-hook  for  grasping  a  column  of  bore-rods 
while  raising  or  lowering  them. 

Lignite.    See  Coal. 

Limp.  An  instrument  for  striking  the  refuse  from  the  sieve  in 
washing  ores. 

Lining,  Newc.  '  See  Dialling. 

Linnets,  Derb.    Oxidized  lead-ores. 

Liquation.     See  Eliquation. 

Litharge.    Protoxide  of  lead. 

Lithofracteur.    See  Explosives. 

Little  Giant.     A  jointed  iron  nozzle  used  in  hydraulic  mining. 

Lixiviation.  The  separation  of  a  soluble  from  an  insoluble  mate- 
rial by  means  of  washing  with  a  solvent. 

Location.  1.  The  act  of  fixing  the  boundaries  of  a  mining  claim, 
accordino;  to  law.     '2.  The  claim  itself. 

Loam,.   An  impure  potter's  clay,  containing  mica  or  iron  ochre. 

Loch,  Derb.  and  Wales.   See  Vug. 

Lock-timber.  An  old  plan  of  putting  in  stull-pieces  in  Cornwall 
and  Devon.    The  pieces  were  called  lock-pieces. 

Lode,  Corn.  Strictly  a  fissure  in  the  country-rock  filled  with  min- 
eral ;  usually  applied  to  metalliferous  lodes.  In  general  miner's 
usage,  a  lode,  vein,  or  ledge  is  a  tabular  deposit  of  valuable  mineral 
between  definite  boundaries.  Whether  it  be  a  fissure  formation  or 
not  is  not  always  known,  and  does  not  affect  the  legal  title  under  the 
United  States  federal  and  local  statutes  and  customs  relative  to  lodes. 
But  it  must  not  be  a  placer,  i.  e.,  it  must  consist  of  quartz  or  other 
rock  in  place,  and  bearing  valuable  mineral. 

Lodge,  Walf:s.    See  Piatt. 

Log,  S.  Staff.  A  balance- weight  near  the  end  of  the  hoisting- 
rope  of  a  shaft  to  prevent  its  running  back  over  the  pulley. 

Longmaid process.    See  Henderson  process. 

L  ong  torn,  Pac.     A  kind  of  gold-washing  cradle. 
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Long-wall.  A  method  of  coal  mining  by  which  the  whole  seam  is 
taken  out  as  the  working  faces  progress,  and  the  roof  is  allowed  to 
fall  behind  the  workers,  except  where  passages  must  be  kept  open, 
or  where  the  gob  being  packed  in  the  space  formerly  occupied  by  tlie 
coal,  prevents  caving.  According  as  the  work  of  extraction  begins 
at  the  boundary  of  the  winning,  and  converges  back  to  the  shaft,  or 
begins  with  the  coal  nearest  the  shaft  and  proceeds  outward  to  the 
boundaries,  it  is  called  long-wall  retreating  or  long-wall  advancing. 

Loob  or  hobs,  Corn.  The  clayey  or  slimy  portion  washed  out  of 
tin-ore  in  dressing. 

Loop.     See  Loup. 

Loop-drag.  An  eye  at  the  end  of  a  rod  through  which  tow  is 
passed  for  cleaning  bore-holes. 

Loose-end.  A  gangway  in  long-wall  working,  driven  so  that  one 
side  is  solid  ground  while  the  other  opens  upon  old  workings.  See 
Fast-end. 

Lorry.     A  hand-car  used  on  mine  tramways. 

Lost  level,  Corn.  "  Level  ^^  is  "lost^'  when  a  gallery  has  been 
driven  with  an  unnecessarily  great  departure  from  the  horizontal. 

Loup.  The  pasty  mass  of  iron  produced  in  a  bloomary  or  pud- 
dling furnace.     See  Puddle-ball. 

Lowe,  Newc.    a  light.     A  "piece  of  lowe^'  is  part  of  a  candle. 

Luchhart  furnace.  A  continuously  working  shaft-furnace  for  roast- 
ing quicksilver  ores,  having  the  fireplace  in  the  shaft  at  the  bottom, 
protected  by  a  cast-iron  roof.     The  fuel  is  wood. 

Lum.     A  chimney  over  an  upcast  pit. 

Lump-coal,  Penn.    See  Coal. 

L^Unnann  front.  An  arrangement  of  water-cooled  castings  through 
which  iron  and  cinder  are  tapped  from  the  blast  furnace,  thus  avoid- 
ing the  use  of  a  forehearth.     See   Closed  front. 

Lying-wall.    See  Foot-wall. 

MacMne-wlmn.     A  rotary  steam-engine  for  winding. 

Magistral,  Sp.  A  powder  of  roasted  copper  pyrites,  used  in  the 
amalgamation  of  silver  ores. 

3Iain-rod,  Corn.    See  Pump-rod. 

3Iainway.   A  gangway  or  principal  passage. 

Makings,  Newc.    The  small  coals  hewn  out  in  Jcirving. 

Malleable  castings.  Small  iron  castings  made  malleable  by  "an- 
nealing" or  decarburizing  by  cementation  in  powdered  hematite 
or  other  oxide  of  iron. 
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Ilallet,  Corn.  The  sledge-hammer  used  for  striking  or  beating  the 
bore7\ 

Mandril.    See  3Iaundril. 

3Ianganese-ores.  Gj^ay  oxide  (pyroIusUe, polianite,  anhydrous  per- 
oxide, and  manganite,  hyd rated  sesquioxide) ;  black  manganese  (haus- 
manniie,  protoperoxide) ;  braunite  (anhydrous  sesquioxide) ;  red 
manganese  ore  (rhodochrosite,  a  carbonate,  or  rhodonite,  a  silicate) ; 
also,  manganiferous  iron  ores. 

Man-hole,  Corn.  The  hole  in  a  sollar  through  which  men  pass 
upon  the  ladder  or  from  one  ladder  to  the  next. 

Man-machine  or  Man-engine,  Corn  and  Derb.  A  mechanical  lift 
for  lowering  and  raising  miners  in  a  shaft  by  means  of  a  recipro- 
cating vertical  rod  of  heavy  timber  with  platforms  at  intervals,  or 
of  two  such  rods,  moving  in  opposite  directions.  In  the  former 
case,  stationary  platforms  are  placed  in  the  shaft,  so  that  the  miner 
in  descending,  for  instance,  can  step  from  the  moving  platform  at 
the  end  of  the  down-stroke,  and  step  back  upon  the  next  platform 
below  at  the  beginning  of  the  next  down-stroke.  When  two  rods 
are  employed,  the  miner  steps  from  the  platform  on  one  rod  to  that 
on  the  other. 

Man-of-war,  Staff.  A  small  pillar  of  coal  left  in  a  critical  spot ; 
also,  a  principal  support  in  thick  coal  workings. 

Mania,  Sp.     Blanket;  sack  of  ore. 

Mantle.  The  outer  wall  and  casing  of  an  iron  blast  furnace,  above 
the  hearth. 

Manway.  A  small  passage,  used  by  workmen  but  not  for  trans- 
portation. 

Maquilla,  Sp.     A  mill  where  ore  is  ground  on  shares. 

Marl.  Calcareous  clay,  sometimes  used  for  the  hearths  of  cupel- 
ling-furnaces. 

Martin  process.  Called  also  the  Siemens-Martin  and  the  open- 
hearth  process.     See  Steel. 

Mass-copper,  Lake  Sup.  Native  copper,  occurring  in  large 
masses. 

Massicot.     See  Litharge. 

Matrix.  The  rock  or  earthy  material  containing  a  mineral  or 
metallic  ore  ;  the  gangue. 

Matt,  or  3Iatte,  Fr.  A  mass  consisting  chiefly  of  metallic  sulphides 
got  in  the  fusion  of  ores. 

Maul,  Derb.    a  large  hammer  or  mallet. 
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Maundrilj  Derb.  and  S.  \Yales.  A  prying  jplch  with  two 
prongs. 

Mear.    Derb.   Thirty-two  yards  of  ground  measured  on  the  vein. 

Pleasures.     Strata  of  coal,  or  the  formation  containing  coal  beds. 

Meat-earth.     The  vegetable  mould. 

Meetings,  Newc.  The  j^lace  at  middle-depth  of  a  shaft,  slope,  or 
plane,  where  ascending  and  descending  cars  pass  each  other. 

Merced,  Sp.  A  gift.  This  term  is  applied  to  a  grant  which  is 
made  without  any  valuable  consideration. 

Merchant-iron.    See  Mill. 

Merchant-train.  A  train  of  rolls  for  reducing  iron  piles  or  steel 
ingots,  blooms,  or  billets  to  bars  of  any  of  the  various  round,  square, 
flat,  or  other  shapes,  known  as  merchant  iron  or  steel. 

Mercury-ores.     Native  mercury ;  cf?ina6ar  (sulphide). 

Merrit-plate.    See  Bloomary. 

Metal,  Sp.  1.  This  term  is  applied  both  to  the  ore  and  to  the  metal 
extracted  from  it.  It  is  sometimes  used  for  vein,  and  even  for  a  mine 
itself.  Metal  en  piedra,  ore  in  the  rough  state.  Metal  or dinario,  com- 
mon ore.  Metal  pepena,  selected  ore.  Metal  de  ayuda,  ore  used  to 
assist  the  smelting  of  other  ores.  2.  Copper  regulus  or  matt  obtained 
in  the  English  process.  The  following  varieties  are  distinguished  by 
appearance  and  by  their  percentage  of  copper  (here  given  in  approxi- 
mate figures) :  Coarse,  20  to  40;  red,  48  ;  blue,  60  ;  sparkle,  74 ;  white, 
11 ',  pimple,  79.  Fine  metal  includes  the  latter  four  varieties.  Hard 
m.etal  is  impure  copper  containing  a  large  amount  of  tin.  3.  Scot. 
All  the  rocks  met  with  in  mining  ore.  4.  Road  metal,  rock  used  in 
macadamizing  roads. 

Metal-notch.    See  Tap-hole. 

Mica-jyowder.    See  Explosives. 

Mill.  1,Eng.  That  part  of  an  iron  works  \\\\qvq  puddle-bars  2i.YQ 
converted  into  merchant-iron,  i.  e.,  rolled  iron  ready  for  sale  in  bars, 
rods,  or  sheets.  See  Forge.  2.  By  common  usage,  any  establishment 
for  reducing  ores  by  other  means  than  smelting.  More  strictly,  a 
place  or  a  machine  in  which  ore  or  rock  is  crushed.  3.  An  excava- 
tion made  in  the  country  rock,  by  a  cross-cut  from  the  workings  on 
a  vein,  to  obtain  waste  for  gobbing.  It  is  left  without  timber  so  that 
the  roof  may  fall  in  and  furnish  the  required  rock.  4.  Corn.  A 
passage  through  which  ore  is  shot  underground.  See  Pass  and 
Shoot. 

MilUcinder.  The  slag  from  the  puddling-furnaces  of  a  rolling- 
mill. 
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Mill-run^  Pac.  1.  The  Avork  of  an  amalgamating  mill  between 
two  clean-ups.  2.  A  test  of  a  given  quantity  of  ore  by  actual  treat- 
ment in  a  mill. 

Mine.  1.  In  general,  any  excavation  for  minerals.  More  strictly, 
subterranean  workings,  as  distinguished  from  quarries,  placer  and 
hydraulic  mines,  and  surface  or  open  works.  The  distinction  between 
the  French  terms  mine  and  miniere  results  entirely  from  the  law,  and 
depends  upon  the  depth  of  the  working.  The  former  is  the  more 
general  term,  and,  ordinarily  speaking,  includes  the  latter,  which 
signifies  shallow  or  surface  workings.  2.  In  a  military  sense,  a  mine 
is  a  subterranean  gallery  run  under  an  enemy's  works,  to  be  subse- 
quently exploded. 

3Jine-pig,  Eng.  See  Pig-iron. 

IJiner,  Penn.  The  workman  who  cuts  the  coal,  as  distinguished 
from  the  laborer  who  loads  the  wao:ons,  etc. 

Mineral.     In  miners'  })arlance,  ore. 

Mineral  caoutchouc.     Elastic  bitumen. 

Mineral  charcoal.  A  pulverulent,  lustreless  substance,  showing  dis- 
tinct vegetable  structure,  and  containing  a  high  percentage  of  carbon 
with  little  hydrogen  and  oxygen,  occurring  in  thin  layers  in  bitu- 
minous coal. 

Mineralized.   Charged  or  impregnated  with  metalliferous  mineral. 

Minercd  oil  or  Naphtha.  A  limpid  or  yellowish  liquid,  lighter 
than  water,  and  consisting  of  hydrocarbons.  Peti'oleum  is  heavier 
than  naphtha,  and  dark  greenish  in  color  when  crude.  Both  exude 
from  the  rocks;   but  naphtha  can  be  distilled  from  petroleum. 

Mi7ieral  pitch.     Asphaltum. 

Mineral  right.  The  ownership  of  the  minerals  under  a  given  sur- 
face, with  the  right  to  enter  thereon,  mine,  and  remove  them.  It 
may  be  separated  from  the  surface  ownership,  but,  if  not  so  sepa- 
rated by  distinct  conveyance,  the  latter  includes  it. 

Mineral  wool.     See  Slag-wool. 

Mine-rent.  The  rent  or  royalty  paid  to  the  owner  of  a  mineral 
right  by  the  operator  of  the  mine — usually  dependent,  above  a  fixed 
minimum,  upon  the  quantity  of  product. 

Mineria,  Sp.  Mining.  This  term  embraces  the  whole  subject, 
including  both  mines  and  miners,  and  also  the  operations  of  work- 
ing mines  and  of  reducing  their  ores.  It,  however,  is  often  used  in 
a  more  restricted  sense. 

Minero,  Sp.  Miner.  This  term  is  not  limited  to  those  who  work 
mines,  but  includes  their  owners,  and  all  who  have  the  qualifications 


A   GLOSSARY   OF   MINING    AND    METALLURGICAL   TERMS.      157 

prescribed  In  the  ordinances,  and  are  enrolled  as  members  of  the 
body  or  craft.  Many  of  the  laborers  who  work  in  mines  are  not, 
technically  speaking,  miners.  This  term  is  sometimes  used  in  the 
old  laws  for  mine. 

Miners'  inch,  Pac.  A  local  unit  for  the  measurement  of  water 
supplied  to  hydraulic  miners.  It  is  the  amount  of  water  flowing 
under  a  certain  head  through  one  square  inch  of  the  total  section  of 
a  certain  opening,  for  a  certain  number  of  hours  daily.  All  these 
conditions  vary  at  different  localities.  At  Sraartsville,  Cal.,  the 
discharge  opening  is  a  horizontal  slit,  4  inches  wide,  in  a  2-inch 
plank,  with  the  standing  head  of  water  in  the  feed-box  9  inches 
above  the  middle  of  the  slit.  Each  square  inch  of  this  opening  will 
discharge  1.76  cubic  feet  per  minute.  A  miners'  inch  in  use  in  El- 
dorado County,  Cal.,  discharges  1.39  cubic  feet  per  minute.  At 
North  Bloomfield,  Cal.,  and  other  places,  the  discharge  is  50  inches 
long  by  2  wide  (giving  100  miners'  inches)  through  a  3-inch  plank, 
with  the  water  7  inches  above  the  centre  of  the  opening.  Each  inch 
is  1.50  to  1.57  oubic  feet  per  minute  in  practice,  or  59.05  to  61.6 
per  cent,  of  the  theoretical  discharge.  These  figures  are  taken  from 
the  paper  of  A.  J.  Bowie,  Jr.,  on  '^  Hydraulic  Mining  in  California," 
Trans.  Am.  Inst.  M.  E.,  vol.  vi,  p.  59. 

3Ilnetaj  Sp.     A  little  mine;  a  chamber,  or  cavity. 

Ilinium.     Protosesquioxide  of  lead. 

Mispichely  Germ.     Arsenical  pyrites. 

3Iistress,  Newc.     A  lantern  used  in  coal-mines. 

Mohhy,  S.  Staff.  A  leathern  girdle,  with  small  chain  attached, 
used  by  the  boys  who  draw  bowkes. 

Moch-lead,  Corn.     Zincblende. 

3Ioll  or  Moijle,  Corn.     A  drill  pointed  like  a  gad. 

Monkey-drift.     A  small  prospecting  drift. 

Monitor,  Pac.     A  kind  of  nozzle  used  in  hydrauIicJcing. 

Monnier  process.  The  treatment  of  copper  sulphide  ores  by  roast- 
ing with  sodium  sulphate,  and  subsequent  lixiviation  and  precipi- 
tation. 

MonocUnal.  Applied  to  any  limited  portion  of  the  earth's  crust 
throughout  which  the  strata  dip  in  the  same  direction. 

3Iontefiore  furnace.  A  peculiar  furnace  in  which  zinc-dust  is  com- 
pressed at  a  high  temperature. 

3Ioorstone,  Corn.  Loose  masses  of  granite  found  on  Cornish 
moors. 
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3Iore,  Corn.  A  quantity  of  ore  in  a  particular  part  of  a  lode,  as 
a  more  of  tin. 

Mortar.  1.  A  heavy  iron  vessel,  in  which  rock  is  crushed  by  hand 
with  a  pestle,  for  sampling  or  assaying.  2.  The  receptacle  beneath  the 
stamps  in  a  stamp  mill,  in  which  the  dies  are  placed,  and  into  which 
the  rock  is  fed  to  be  crushed. 

Mosaic  gold.     Disulphide  of  tin. 

Mote.     See  Squib. 

Moihergate,  Newc.     The  main  passage  in  a  district  of  workings. 

Mottled.     See  Iron. 

Moutli.     The  end  of  a  shaft  or  adit  emerging  at  the  surface. 

Mountain  limestone.  The  English  designation  of  a  limestone  of 
the  lower  part  of  the  carboniferous  age ;  called  also  subcarboniferous 
limestone. 

Miich-har.     Bar-iron  which  has  passed  once  through  the  rolls. 

31ucJ:Sj  S.  Staff.     See  SmiU. 

Muffle.  A  semi-cylindrical  or  long  arched  oven  (usually  small 
and  made  of  fire-clay),  heated  from  outside,  in  which  substances  may 
be  exposed  at  high  temperature  to  an  oxidizing  atmospheric  cur- 
rent, and  kept  at  the  same  time  from  contact  with  the  gases  from 
the  fuel.  Cupellat'ion  and  scorification  assays  are  performed  in  muffles, 
and  on  a  larger  scale  copper  ores  were  formerly  roasted  in  muffle- 
furnaces. 

Midler.  The  stone  or  iron  in  an  arrasty^e,  or  grinding  or  amal- 
gamating pan,  which  is  dragged  around  on  the  bed  to  grind  and 
mix  the  ore-bearing  rock. 

Miui,  Corn.     Any  fusible  metal. 

Mundlc,  Corn.     Iron  pyrites.     White  mundlc  is  mispickeL 

Narrow  work.  The  driving  of  gangways  or  airways ;  also,  any 
dead  work. 

Nasmyth  hammer.  A  steam-hammer,  having  the  head  attached  to 
the  piston-rod,  and  operated  by  the  direct  force  of  the  steam. 

Native.  Occurring  in  nature;  not  artificially  formed.  Usually 
applied  to  the  metals. 

Nays,  Corn.     See  Nogs. 

Needle  or  Nail,  Corn.  A  copper  or  copper-pointed  implement, 
placed  in  a  bore-hole  during  charging,  to  make,  by  its  withdrawal, 
an  aperture  for  the  insertion  of  the  rush  or  train. 

Negrillo,  Sf.     A  silver-ore;  bla(;k  sulphuret  of  silver. 
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Neptune  powder.     See  Explosives, 

Neutral.  Of  slags,  neither  acid  nor  basic ;  of  wrought-irons, 
neither  ?^ec?-sAor^  nor  cold-short;  of  iron-ores,  suitable  for  the  produc- 
tion of  neutral  irons. 

NiccoUferous  or  Nickeliferous.     Containing  nickel. 

NicJcel  ores.  Copper-nickel  {niccolite,  arsenide  of  nickel);  antimo- 
nial  nickel  (breithauptlte,  antiuionide) ;  white  nickel  [rammelsbergite, 
binarsenide);  nickel  pyrites  (pentlandlte,  sul[)hide  of  nickel  and  iron, 
millerite,  sulphide) ;  nickeliferous  gray  antimony  (lUlmannite,  arsenan- 
timonide) ;  nickeliferous  serpentine  [refdanskite,  hydrous  magnesian 
silicate);  also,  niccoliferous  ores  of  copper,  cobalt,  manganese,  etc. 

Nicking,  Newc.  The  cutting  made  by  the  hewer  at  the  side  of 
the/«ce.  Nickings  Is  the  small  coal  produced  in  making  the  nicking. 

Nicking-trunk.     A  tub  in  which  metalliferous  slimes  are  washed. 

Nip,  Newc.     1.  A  crush  of  pillars  or  workings.     2.  See  Pinch. 

Nipping-fork.  A  tool  for  supporting  a  column  of  bore-rods  while 
raising  or  lowering  them. 

Nitroglycerin.     See  Explosives. 

Nlttings.     The  refuse  of  good  ore. 

Noble  metals.  The  metals  which  have  so  little  affinity  for  oxygen 
{i.  e.,  are  so  highly  electronegative)  that  their  oxides  are  reduced  by 
the  mere  application  of  heat  without  a  reagent;  in  other  words,  the 
metals  least  liable  to  oxidation  under  ordinary  conditions.  The  list 
includes  gold,  silver,  mercury,  and  the  platinum  group  (including 
palladium,  iridium,  rhodium,  ruthenium,  and  osuiium).  The  term 
is  of  alchemistic  origin. 

Noddle  or  Nodule.     A  small  rounded  mass. 

Noger.     A.  jumper  drill. 

Nogs,  Derb.  and  Corn.  Square  blocks  or  logs  of  wood,  piled  on 
one  another  to  support  a  mine  roof. 

Nose.  An  accumulation  of  chilled  material  around  the  inner  end 
of  a  tuyere  in  a  smelting  shaft-furnace,  protecting  and  prolonging 
the  tuyere. 

Nose-helve,  Eng.     See  Frontal  hammer. 

Nuts.     Small  coal. 

Occlusion.  The  mechanical  retention  of  gases  in  the  pores  of 
solids. 

Ochre.  A  term  applied  to  metallic  oxides  occurring  in  an  earthy, 
pulverulent  condition,  as  iron  ochre,  molybdic  ochre. 
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Oil-ioell.  A  dug  or  bored  well^  from  which  petroleum  is  obtained 
by  pumping  or  by  natural  flow. 

Old  man.     Ancient  workings  ;  goaves.. 

Old  men.  The  persons  who  wori^ed  a  mine  at  any  former  period 
of  which  no  record  remains. 

Open  cast,  Scot.     See  Open  cut. 

Open-crib  timbering.  Shaft  timbering  with  cribs  alone,  placed  at 
intervals. 

Open  cut.     A  surface-working,  open  to  daylight. 

Open-front.  The  arrangement  of  a  blast  furnace  with  a  fore- 
hearth. 

Open-hearth.     See  Heverberatory  furnace. 

Openings.  The  parts  of  coal  mines  between  the  pillars,  or  the 
pillars  and  ribs. 

Opens.     Large  caverns. 

Open-sand  castings.  Castings  made  in  moulds  simply  excavated 
in  sand,  withouty?as/js. 

Open-work.     A  quarry  or  open  cut. 

Operator,  Penn.  The  person,  whether  proprietor  or  lessee,  actu- 
ally operating  a  colliery. 

Ore.  1.  A  natural  mineral  compound,  of  the  elements  of  which 
one  at  least  is  a  metal.  The  term  is  applied  more  loosely  to  all 
metalliferous  rock,  though  it  contain  the  metals  in  a  free  state,  and 
occasionally  to  the  compounds  of  non-metallic  substances,  as  sulphur 
ore.  2.  Corn.  Copper-ore;  tin-ore  being  spoken  of  in  Cornwall 
as  tin. 

Ore-heaiih.     See  Scotch  hearth. 

Ore-washer.  A  machine  for  washing  clay  and  earths  out  of 
earthy  brown-hematite  ores. 

Orpiment.     Sesquisulphide  of  arsenic. 

Outbye  or  Outbyeside,  Newc.  Nearer  to  the  shaft,  and  hence 
further  from  the  forewinning. 

Outcrop.  The  portion  of  a  vein  or  stratum  emerging  at  the  sur- 
face, or  appearing  immediately  under  the  soil  and  surface-c?c'6n*s. 

Outlet.  The  passage  by  which  the  ventilating  current  goes  out  of 
a  mine.     See  Upcast. 

Outpid.     The  product  of  a  mine. 

Oval  groove.     A  groove  of  U-section  in  a  roll. 

Overburden.  1.  Corn.  See  Burden  (1).  2.  To  charge  in  a 
furnace  too  much  ore  and  flux  in  proportion  to  the  amount  of  fuel. 
3.  The  waste  which  overlies  the  good  stone  in  a  quarry. 
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Overman,  Eng.  The  mining  official  next  in  rank  below  the 
manager,  who  is  next  below  the  ar/ent. 

Overpoled  copper.  Copper  from  which  all  the  suboxide  has  been 
removed  by  poling. 

Oxidation.     A  chemical  union  with  oxygen. 

Pack.     A  wall  or  pillar  built  o? gob  to  support  the  roof. 

Pair  or  Pare,  Corn.     Two  or  more  miners  working  in  common. 

Pan.  1.  See  Panning.  2.  A  cylindrical  vat  of  iron,  stone,  or 
wood,  or  these  combined,  in  which  ore  is  ground  with  mullers  and 
amalgamated.     See  Amalgamation. 

Pane.     Tiie  striking-face  of  a  hammer. 

Panel.  1.  A  heap  of  dressed  ore.  2.  A  system  of  coal-extrac- 
tion in  which  the  ground  is  laid  off  in  separate  districts  or  panels, 
pillars  of  extra  size  being  It^ft  between. 

Panning,  Aust.  and  Pac.  Washing  earth  or  crushed  rock  in  a 
pan,  by  agitation  with  water,  to  obtain  the  particles  of  greatest  spe- 
cific gravity  which  it  contains  (chiefly  practiced  for  gold,  also  for 
quicksilver,  diamonds,  and  other  gems). 

Parachute.  1.  A  kind  of  sa/e^3/-cr/ic/i  for  shaft  cages.  2.  In  rod- 
boring,  a  cage  with  a  leather  cover  to  prevent  a  too  rapid  fall  of  the 
rods  in  case  of  accident. 

Parcel,  Corn.     A  heap  of  dressed  ore  ready  for  sale. 

Parkes  process.  The  desilverization  of  lead  by  treatment  with 
zinc. 

Parrot  coal,  Scot.     See  Coal. 

Parting.  1.  .A  small  joint  in  coal  or  rock,  or  a  layer  of  rock  in 
a  coal  seam.  2.  The  separation  of  two  metals  in  an  alloy,  especially 
the  separation  of  gold  and  silver  by  means  of  nitric  or  sulphuric 
acid. 

Parting-sand.  Fine  dry  sand,  which  is  sifted  over  the  partings 
in  a  mould  to  facilitate  their  separation  when  i\iQ  flask  is  opened. 

Pass,  Corn.  1.  An  opening  in  a  mine  through  which  ore  is  shot 
from  a  higher  to  a  lower  level.  See  Shoot.  2.  In  rolling  mills  the 
passage  of  the  bar  between  the  rolls.  When  the  bar  passes  ''on  the 
flat^'  it  is  called  o.  flatting -pass ;  if  "on  the  edge,"  an  edging-pass. 

Patent  fuel,  Eng.  The  fuel  produced  by  the  agglomeration  of 
coal-slack  into  lumps. 

Patey^a  process.     See  Joachimsthal  process. 

Patio,  Sp.     The  yard  where  the  ores  are  cleaned  and  assorted ; 
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also,  the  amalgamation  floor,  or  the  Spanish  process  itself  of  amal- 
gamating silver  ores  on  an  open  floor. 

Pattinson  process.  A  process  in  which  lead  containing  silver  is 
passed  through  a  series  of  melting-kettles,  in  each  of  which  crystals 
of  a  poorer  alloy  are  deposited,  while  the  fluid  bath,  ladled  from  one 
kettle  to  the  next,  is  proportionately  richer  in  silver.  In  m,eclianiGal 
pattinsonation  the  operation  is  performed  in  a  cylindrical  vessel,  in 
which  the  bath  is  stirred  mechanically,  and  from  which,  as  the  richer 
alloy  crystallizes,  the  poorer  liquid  is  repeatedly  drained  out.  Steam 
pattinsonation  is  a  variety  of  the  Pattinson  process,  in  which  steam  is 
conducted  through  the  lead  bath  to  assist  the  refining. 

Pavement.     The  floor  of  a  mine. 

Pay-streak.  The  zone  in  a  vein  which  carries  the  profitable  or 
pay  ore. 

Peach,  Corn.     Chlorite. 

Pea-coal,  Penn.     See  Coal. 

Percussion-table.  An  inclined  table,  agitated  by  a  series  of  shocks, 
and  operating  at  the  same  time  like  a  huddle.  It  may  be  made  self- 
discharging  and  continuous  by  substituting  for  the  table  an  endless 
rubber  cloth,  slowly  moving  against  the  current  of  water,  as  in  the 
Frue  vanner. 

Pernot  furnace  or  Posf-Pernot  furnace.  A  reverheratory  pud- 
dling or  smelting  furnace,  having  a  circular,  inclined,  revolving 
hearth. 

Pershhecher  furnace.  A  continuously  working  shaft-furnace  for 
roasting  quicksilver  ores,  having  two  fire-places  at  opposite  sides. 
The  fuel  is  wood. 

Pertinencia,  Sp.  The  extent  of  a  mining  location  in  Mexico,  to 
which  a  title  is  acquired  by  denunciation. 

Peter  or  peter  out.     To  fail  gradually  in  size,  quantity,  or  quality. 

Pewter,  An  alloy  of  tin  and  lead.  Other  metals  are  often  added, 
or  the  lead  is  replaced  entirely  with  copper,  zinc,  antimony,  etc. 

Pick.  A  pick-axe  with  one  or  two  points.  The  usual  miners' 
pick  has  but  one. 

Picker  or  Poker.  A  hand  chisel  for  dzhuing,  held  in  one  hand 
and  struck  with  a  hammer. 

Pick-hammer.     A  hammer  with  a  point,  used  in  cobbing. 

Pickling.     Cleaning  sheet-iron  or  wire  by  immersion  in  acid. 

Pig.     An  ingot  or  cast  bar  of  metal.     See  Pig-iron. 

Pig-iron.  Crude  cast-iron  from  the  blast  furnace.  When  the 
furnace  is  tapped  the  molten  iron  flows  down  a  runner  moulded  in 
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sand,  from  which  it  enters  the  sows  or  lateral  runners,  flowing  from 
these  again  into  the  pig -beds,  the  separate  paraHel  moulds  of  which 
form  the  pigs.  In  each  bed  the  ingots  lie  against  the  sow  like  suck- 
ling pigs,  whence  the  two  names.  See  Iron.  3Iine-pig  is  pig-iron 
made  from  ores  only ;  cinder-pig,  from  ores  with  admixture  of  some 
forge  or  mill-cinder. 

Pike.     See  Pick. 

Piking.     See  Cobbing. 

Pile.  1.  T\\Q  fagot  or  bundle  of  flat  pieces  of  iron  prepared  to  be 
heated  to  welding-heat  and  then  rolled.  2.  To  make  up  into  piles 
or  fagots.  3.  Piles  are  long  thick  laths,  etc.,  answering  in  shafts,  in 
loose  or  ^' quick''  ground,  the  same  purpose  as  spills  in  levels,  piles 
being  driven  vertically. 

Pillar-and-stall.     See  Post-and-stall. 

Pilz  furnace.  A  circular  or  octagonal  shaft-furnace,  maintaining 
or  increasing  its  diameter  towards  the  top,  and  having  several  tuy- 
eres;  used  in  smelting  lead-ores. 

Pinch,  Corn.     To  contract  in  width. 

Pink  ash,  Penn.     See  Coal. 

Pipe  or  Pipe-vein,  Derb.     An  ore-body  of  elongated  form. 

Pipe-clay,  U.  S.     A  fine  clay  found  in  hydraulic  mines. 

Pipe-ore.  Iron  ore  (limonite)  in  vertical  pillars,  sometimes  of 
conical,  sometimes  of  hour-glass  form,  imbedded  in  clay.  Probably 
formed  by  the  union  of  stalactites  and  stalagmites  in  caverns. 

Piping.  1.  Pac.  See  Hydraulicking.  2.  The  tubular  depres- 
sion caused  by  contraction  during  cooling,  on  the  top  of  iron  or  steel 
ingots. 

Pit.  1.  A  shaft.  2.  A  stack  or  meiler  of  wood,  prepared  for  the 
manufacture  of  charcoal. 

Pitch,  Corn.  1.  The  limits  of  the  set  to  tributers.  2.  The  in- 
clination of  a  vein,  or  of  the  longer  axis  of  an  ore-body. 

Pitch-bag,  Corn.  A  bag  covered  w^ith  pitch,  in  which  powder  is 
inclosed  for  charging  damp  holes. 

Pit-coal.     See  Coal. 

Pit-eye,  Eng.  The  bottom  of  the  shaft  of  a  coal-mine;  also  the 
junction  of  a  shaft  and  a  level. 

Pit-eye  pillar.  A  barrier  of  coal  left  around  a  shaft  to  protect  it 
from  caving. 

Pit-frame.     The  framework  carrying  the  pit-pulley. 

Pitman.  1.  Corn.  A  man  employed  to  examine  the  lifts  of 
pumps  and  the  drainage.     2.  Newc.     A  working  miner. 
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Pitwork,  Corn.  The  pumps  and  other  apparatus  of  the  engine 
shaft. 

Place.     See  In  place. 

Placer,  Sp.  A  deposit  of  valuable  mineral,  found  in  particles  in 
alluvium  or  diluvium,  or  beds  of  streams,  etc.  Gold,  tin  ore,  chromic 
iron,  iron  ore,  and  precious  stones  are  found  in  placers.  By  the 
United  States  Revised  Statutes  all  deposits  not  classed  as  veins  of 
rock  in  place  are  considered  placers. 

Plane.  An  incline,  with  tracks,  upon  which  materials  are  raised 
in  cars  by  means  of  a  stationary  engine,  or  are  lowered  by  gravity. 

Pla.nk-timherlng.  The  lining  of  a  shaft  with  rectangular  plank 
frames. 

Plank-tubbing.  The  lining  of  a  shaft  with  planks,  spiked  on  the 
inside  of  curbs. 

Plat.     The  map  of  a  survey  in  horizontal  projection. 

Plate-metal.     See  metal. 

Plate-shale.     A  hard  argillaceous  bed. 

Platinum- ores.  Mixtures  of  native  platinum  in  grains  with  vari- 
ous other  metals  and  minerals. 

Piatt,  Corn.  An  enlargement  of  a  level  near  a  shaft,  where  ore 
may  await  hoisting,  wagons  pass  each  other,  etc. 

Plattner  process.     See  Chlorination. 

Plomo,  Sp.     Lead.     Plomo-plata^  lead-silver. 

Plug.     A  hammer  closely  resembling  the  bully. 

Plumb.     1.  Vertical.     2.  Soft. 

Plumbago.     Graphite. 

Plunger.     The  piston  of  a  force-pump. 

Plush-copper.     Chalcotrichite,  a  fibrous  red  copper  ore. 

Pocket.  1.  A  small  body  of  ore.  2.  A  natural  underground 
reservoir  of  water.  3.  A  receptacle,  from  which  coal,  ore,  or  waste 
is  loaded  into  wagons  or  cars. 

Podar.     See  Mundic. 

Pointed  boxes.  Boxes  in  the  form  of  inverted  pyramids  or  wedges 
in  which  ores,  after  crushing  and  sizing,  are  separated  in  a  current 
of  water. 

Pole-tools.     The  tools  used  in  drilling  with  rods.     See  Cable-tools. 

Poling.  Stirring  a  metallic  bath  (of  copper,  tin  or  lead)  with  a 
pole  of  green  wood,  to  cause  ebullition  and  deoxidation  in  the  refin- 
ing process. 

Polings.     Poles  used  instead  of  planks  for  lagging. 

Poll,  Corn.     The  head  or  striking  part  of  a  miner's  hammer. 


A   GLOSSARY   OF   MlNIJsG   AND   METALLURGICAL   TERMS.       165 

Poll-pick.  A  pieh  with  a  head  for  breaking  away  hard  partings 
in  coal-seams  or  knocking  down  rock  already  seamed  by  blastinr/. 

Polroz  (pronounced  Polrose),  Corn.  The  pit  underneatli  a  water- 
wheel. 

Ponsard  furnace.  A  furnace  in  which  the  escaping  combustion- 
gases,  passing  through  tubular  flues,  heat  the  incoming  air  continu- 
ously through  the  flue-walls. 

Poppet-heads  J  Corn.  A  timber  frame  over  a  shaft  to  carry  the 
hoisting  pulley. 

Post.     1.  A  pillar  of  coal  or  ore.     2.  An  upright  timber. 

Post  furnace.     See  Pernot  fatmace. 

Post-and' stall.  A  mode  of  working  coal,  in  which  so  much  is 
left  as  pillar  and  so  much  is  taken  away,  forming  rooms  and  thir- 
llngs.  The  method  is  called  also  bord-and-pillar,  pillar-and-breast, 
etc. 

Potstone.     Compact  steatite. 

Potter^ s  clay  and  Pipe-clay.  Pure  plastic  clay,  free  from  iron,  and 
consequently  white  after  burning. 

Powei'-drill.     See  Pock-drill. 

Precious  metals.     See  Noble  metals. 

Precipitation  process.  The  treatment  of  lead  ores  by  direct  fusion 
with  metallic  iron  or  slags  or  ores  rich  in  iron;  performed  generally 
in  a  shaft-furnace,  rarely  in  a  reverberatory.  Often  combined  with 
the  roasting  and  reduction  process. 

Prian,  Corn.     Soft  white  clay. 

Pricker.     See  Needle. 

Prill,  Corn.     1.  The  best  ore  after  cobbing.     2.  See  Button. 

Pringap.  The  distance  between  two  mining  possessions  in  Der- 
byshire. 

Produce.  1.  The  marketable  ores  or  minerals  produced  by  min- 
ing and  dressing.  2.  Corn.  The  amount  of  fine  copper  in  one  hun- 
dred parts  of  ore. 

Producer.     See  Gas-producer. 

Prop.  A  timber  set  to  carry  a  roof  or  other  weight  acting  by 
compression  in  the  direction  of  the  axis. 

Prop-crib  timbering.  Shaft-timbering  with  cribs  kept  at  the 
proper  distance  apart  by  means  o^ props. 

Prospecting.  Searching  for  new  deposits;  also,  preliminary  ex- 
plorations to  test  the  value  of  lodes  or  placers.  The  prospect  is  good 
or  bad. 
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Proving -hole.  A  small  heading  driven  to  find  and  follow  a  coal- 
seam,  lost  by  a  dislocation. 

Pryan.     Ore  in  small  pebbles  mixed  with  clay. 

Padding-stone.  A  conglomerate  in  which  the  pebbles  are  rounded. 
See  Breccia. 

Puddle-bars.     See  Forge. 

Puddle-steel.     See  Steel. 

Puddle-train.  A  train  of  rolls  for  reducing  squeezed  puddle-balls 
to  puddle  or  much-bars. 

Paddling.  1.  The  process  of  decarburizing  cast  iron  by  fusion  on 
the  hearth  of  a  reverberatory  furnace,  lined  [fixed  or  fettled)  with 
ore  or  other  material  rich  in  oxide  of  iron.  The  bath  is  stirred 
with  a  rabble  to  expose  it  to  the  action  of  the  lining  and  of  an  air 
current.  Tiie  escape  of  carbonic  oxide  causes  it  to  boil,  whence  the 
early  name  of  this  method  of  puddling,  viz.,  boiling.  Dry  puddling  is 
performed  on  a  silicious  hearth,  and  the  conversion  is  effected  rather 
by  the  flame  than  by  the  reaction  of  solid  or  fused  materials.  As  the 
amount  of  carbon  diminishes  the  mass  becomes  less  fusible  and  be- 
gins to  coagulate  (come  to  natare),  after  which  it  is  worked  together 
into  lumps  (puddle  balls,  loups)  and  removed  from  the  furnace  to  be 
hammered  (shingled)  or  squeezed  in  the  squeezer,  which  presses  out 
the  cinder,  etc.,  and  compacts  the  mass  at  welding  heat,  preparatory 
to  rolling.  Silicon  and  phosphorus  are  also  largely  removed  by  pud- 
dling, passing  into  the  cinder.  Mechanical  puddlers  (in  which  the 
bath  is  agitated  by  revolution,  or  by  mechanical  rabbles,  to  save  hand- 
labor)  are  employed  to  a  limited  extent.  2.  The  term  puddling, 
now  applied  in  metallurgy  exclusively  to  the  above  process,  origi- 
nally referred  to  the  puddling  of  clay  or  clay  and  charcoal  upon 
the  masonry  of  a  furnace  hearth,  to  form  a  lining.  Ditches,  reser- 
voirs, etc.,  are  puddled  with  clay  to  make  them  Avater-tight. 

Pug-tub.     See  Settler. 

Pulley-frame.     Gallows- frame. 

Palp,  Pac.  Pulverized  ore  and  water;  also  applied  to  dry-crushed 
ore. 

Palp-assay,  Pac.  The  assay  of  samples  taken  from  the  ^jw/p 
after  or  during  crushing. 

Pamp-bob.     See  Bob. 

Pamp-rod.  The  rod  or  system  of  rods  (usually  heavy  beams)  con- 
necting the  steam-engine  at  the  surface,  or  at  a  higher  level,  with 
the  pump-piston  below.     See  Balance-bob. 

Pamp-station.     See  Station. 
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Punch  or  Puncheon.     See  Leg. 

Punch-prop,  ISi  EWC.     A  short  prop. 

Put,  Newo.  To  convey  coal  from  the  working  breast  to  tlie 
tramway.     This  is  usually  done  by  young  men  (putters). 

Putty -powder.  Crude  oxide  of  tin,  used  for  giving  opaque  white- 
ness to  enamels,  or  for  grinding  glass. 

Put-work.     See  Tut-work. 

Pyrometer.     An  instrument  for  measuring  high  temperatures. 

Quarry.  An  open  or  "day'^  working,  usually  for  the  extraction 
of  building-stone,  slate,  or  limestone. 

Quartation.  The  separation  of  gold  from  silver  by  dissolving  out 
the  latter  with  nitric  acid.  It  requires  not  less  than  f  silver  in  the 
alloy,  whence  the  name,  which  is  also  applied  to  the  alloying  of  gold 
with  silver,  if  necessary,  to  prepare  it  for  this  method  of  parting. 

Quartz.  1.  Crystalline  silica.  2.  Pac.  Any  hard  gold  or  silver 
ore,  as  distinguished  from  gravel  or  earth.  Hence  quartz-mining, 
as  distinguished  from  hydraulic,  etc. 

Quartzose.     Containing  quartz  as  a  principal  ingredient. 

Quere,  queere  or  qweear,  Corn.     A  small  cavity  or  fissure. 

Quick.  1.  Applied  to  a  productive  vein  as  distinguished  from 
dead  or  barren.     2.  Pac.     Quicksilver. 

Quick  ground.     Ground  in  a  loose  incoherent  state. 

Quicksand.  Sand  which  is  (or  becomes,  upon  the  access  of  water) 
"quick,'^  ^.  e.,  shifting,  easily  movable  or  semi-liquid. 

Quicksilver -ores.     See  3Iercury-ores. 

Quintal.     One  hundred  pounds  avoirdupois. 

Rabble.  An  iron  bar  bent  to  a  right  angle  at  the  end.  See  Pud- 
dling. 

Race.     A  small  thread  of  spar  or  ore. 

Rack,  CoRX.     A  stationary  buddle. 

Rafter-timber Ing.  Timbering  in  which  the  pieces  are  arranged  like 
the  rafters  of  a  house. 

Rag-burning^  Corn.     See  Tln-wltts. 

Ragging.     A  rough  cobbing. 

Rail-train.  A  train  of  rolls  for  reducing  iron  piles  or  steel  Ingots 
or  blooms  to  rails. 

Raise.     See  Rise. 

Rake,  Derb.     A  fissure  vein  crossing  the  strata. 

Raklng-prop.     An  inclined  prop. 
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Bamhle,  Newc.  A  shale  bed  on  the  top  of  a  coal  seam,  which 
falls  as  the  coal  is  removed. 

Hancho,  Sp.     An  estate  or  property  ;  a  farm  (Pac.  ranch). 

Random.     The  direction  of  a  rake-vein. 

Bapper.  A  lever  or  hammer  at  the  top  of  a  shaft  or  inclined 
plane,  for  signals  from  the  bottom. 

Raschette  furnace.  A  shaft  furnace  nsed  in  lead,  copper,  and  iron 
smelting,  and  having  an  oblong  rectangular  or  oval  horizontal 
section. 

Reaction  process.     See  Roasting  and  reaction  jyrocess. 

Realgar.     Sulphide  of  arsenic. 

Reamer.     A  tool  for  enlarging  a  bore-hole. 

Record.  To  enter  in  the  book  of  the  proper  officer  (usually  a  dis- 
trict or  county  officer)  the  name,  position,  description,  and  date  of  a 
mining  claim  or  location.     See  District. 

Red-ash,  Penn.     See  Coal. 

Redevance,  Fr.  A  tax,  duty,  or  rent.  In  mining  law  it  means  a 
tax  or  duty  payable  to  the  government  or  to  the  surface  owner. 

Red-lead.     See  Minium. 

Red-short.     Brittle  at  red  heat.     See  Cold-short. 

Reduce.  1.  To  deprive  of  oxygen.  2.  In  general,  to  treat  metal- 
lurgically  for  the  production  ot  metal.  > 

Reed,  Corn.     See  Spire. 

Reef,  AuSTR.     See  Lode. 

Refinery.     See  Run-out  fire. 

Refining.  1.  The  purification  of  crude  metallic  products.  The 
refining  of  "base  bullion"  (silver-lead)  produces  nearly  pure  lead 
and  silver.  2.  The  conversion  of  gray  into  white  cast  iron  in  a 
run-out  fire. 

Refractory.  Resisting  the  action  of  heat  and  chemical  reagents; 
a  quality  undesirable  in  ores,  but  desirable  in  furnace-linings,  etc. 

Regenerator.  A  chauiber,  filled  with  open-work  of  brick,  to  take 
up  the  heat  of  the  gases  of  combustion  from  a  furnace,  and  subse- 
quently impart  it  to  a  current  of  air,  the  air  and  gas  being  conducted 
alternately  through  the  chamber.     See  Siemens  furnace. 

Regule,  Fr.  A  copper  regulus  from  which  most  of  the  impuri- 
ties have  been  removed  by  liquation. 

Regulus.  1.  The  metallic  mass  which  sinks  to  the  bottom  of  a 
furnace  or  crucible,  separating  itself  by  gravity  from  the  superna- 
tant slag  or  matt.  2.  An  intermediate  product  obtained  in  smelting 
ores,  specially  those  of  copper,  lead,  silver  and  nickel,  and  consisting 
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chiefly  of  metallic  sulphides.  In  this  sense  it  is  synonymous  with 
matty  or  the  Germ.  Stein.     Antimony  rcgulus  is  metallic  antimony. 

Rend-rock.     See  Explosives. 

Renky  Newc.     The  average  distance  coal  is  brough  by  the  putters. 

Rests.  The  arrangement  at  the  top  and  bottom  of  a  pit  for  sup- 
porting the  shaft-cage  while  changing  the  tubs  or  cars. 

Retorting.  Removing  the  mercury  from  an  amalgam  by  volatil- 
izing it  in  an  iron  retort,  conducting  it  away,  and  condensing  it. 

Reverb eratory  furnace.  A  furnace  in  which  ores  are  submitted  to 
the  action  of  flame,  without  contact  with  the  fuel.  The  flame  enters 
from  the  side  or  end,  passes  upward  over  a  low  wall  or  bridge,  strikes 
the  roof  (arch)  of  the  furnace,  and  is  reverberated  downward  upon 
the  charge. 

Reversing  rolls.     See  Three-high  train. 

Rib.  1.  In  coal  mining,  the  solid  coal  on  the  side  of  a  gallery  or 
long-wall  face;  a  pillar  or  barrier  of  coal  left  for  support.  2.  The 
solid  ore  of  a  vein;  an  elongated  pillar  left  to  support  the  hanging- 
wall,  in  w^orking  out  a  vein. 

Ribbed.     Containino;;  bone. 

Ribbon-borer.  A  boring-tool  consisting  of  a  twisted  flat  steel 
blade. 

Rick,  Penn.     An  open  heap  or  pile  in  which  coal  is  coked. 

Riddle,  Corn,  and  Scot.  A  sieve.  The  large  pieces  of  ore  and 
rock  picked  out  by  hand  are  called  knockings.  The  riddlings  remain 
on  the  riddle ;  the  fell  goes  through. 

Rider.     See  Horse. 

Riffle.  .  A  groove  or  interstice,  or  a  cleat  or  block  so  })laced  as  to 
produce  the  same  efix?ct,  in  the  bottom  of  a  sluice,  to  catch  free  gold. 

Rim-rock.  The  bed-rock  rising  to  form  the  boundary  of  a  placer 
or  gravel  deposit. 

Ring,  Newc.  A  gutter  cut  around  a  shaft  to  catch  and  conduct 
away  the  water. 

Ringe.     See  Cowl. 

Rise  or  Riser,  Corn.     A  shaft  or  winze  excavated  upward. 

Rise-heading.     See  Heading,  in  long-wall. 

Rivelaine.  A  pick  with  one  or  two  points,  formed  of  flat  iron, 
used  to  undercut  coal  by  scraping  instead  of  striking. 

Roasting.  Calcination,  usually  wnth  oxidation.  Good,  dead,  or 
sweet  roasting  is  complete  roasting,  i.  e.,  carried  on  until  sulphurous 
and  arsenious  fumes  cease  to  be  given  ofl".  Kernel-roasting  is  a  pro- 
cess of  treating  poor  sulphuretted  copper  ores,  by  roasting  in  lumps, 
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whereby  copper  (and  nickel)  are  concentrated  in  the  interior  of  the 
lumps. 

Roasting  and  reaction  process.  The  treatment  of  galena  in  a 
reverberator y,  by  first  partially  roasting  at  a  low  temperature,  and 
then  partially  fusing  the  charge  at  a  higher  temperature,  which 
causes  a  reaction  between  the  lead-oxide  formed  by  roasting  and  the 
remaining  sulphide,  producing  sulphurous  acid  and  metallic  lead. 

Roasting  and  reduLction  process.  The  treatment  of  lead  ores  by 
roasting  to  form  lead-oxide,  and  subsequent  reducing  fusion  in  a 
shaft-furnace. 

Rob.  To  extract  pillars  previously  left  for  support;  or,  in  gen- 
eral, to  take  out  ore  or  coal  from  a  mine  with  a  view  to  immedi- 
ate product,  and  not  to  subsequent  working. 

Roch-breaher.  Usually  applied  to  a  class  of  machines,  of  which 
Blake's  rock-breaker  is  the  type,  and  in  which  the  rock  is  crushed 
between  two  jaws,  both  movable,  or  one  fixed  and  one  movable.  It 
is  common  to  use  a  rock-breaker  instead  of  hand-spalling  to  prepare 
ore  for  further  crushing  in  the  stamp-milL 

Rock-drilL  A  machine  for  boring  in  rock,  either  by  percussion, 
effected  by  reciprocating  motion,  or  abrasion,  effected  by  rotary  mo- 
tion. Compressed  air  is  the  usual  motive  ])ower,  but  steam  also  is 
used.  The  Burleigh,  Ilaupt,  Ingersoll,  Wood,  and  other  machines 
operate  percussively  ;  the  diamond  drill  (which  see)  abrasively. 

Rocher.  A  short  trough  in  which  auriferous  sands  are  agitated 
by  oscillation,  in  water,  to  collect  their  gold. 

Rod-tools.     See  Pole-tools. 

Rolley.     A  large  truck  carrying  two  corves, 

Rolley-ivay.     A  gangway. 

Rolling. .    See  Roll-train. 

Rolls.  1.  Cylinders  of  iron  or  steel  revolving  towards  each  other, 
between  which  rock  is  made  to  pass,  in  order  to  crush  it.  2.  See 
Roll- train. 

Roll-train.  The  set  of  plain  or  grooved  rolls  through  which  iron 
or  steel  piles,  ingots,  blooms,  or  billets  are  passed,  to  be  rolled  into 
various  shapes. 

Rondle  or  Rondelle.  The  crust  or  scale  which  forms  upon  the  sur- 
face of  molten  metal  in  cooling. 

Roof.     The  rock  overlying  a  bed  or  flat  vein. 

Roofing.  The  wedging  of  a  loaded  wagon  or  horse  against  the 
top  of  an  underground  passage. 

Room,  Scot.     See  Breast  and  Post-and-stall. 
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Ti,osdte  copper.  Disks  of  copper  (red  from  the  presence  of  sub- 
oxide) formed  by  cooling  the  surface  of  molten  copper  through 
sprinkling  with  water. 

.  Ro^ii'ie  furnace.  An  American  variety  of  hearth  for  the  treatment 
of  galena,  differing  from  the  Scotch  hearth  in  using  wood  as  fuel, 
working  continuously,  and  having  hollow  walls,  to  heat  the  blast. 

Roughing  rolls.  The  rolls  of  a  train  which  first  receive  the  piky 
ingot,  bloom,  or  billet,  and  partially  form  it  into  the  final  shape. 

Roughs,  Corn.    Coarse,  poor  sands,  resulting  from  tin-dressing. 

Round  coal.     See  Lump-coal. 

Rounder.      See  Reamer. 

Row,  Corn.     Large,  rough  stones. 

Royalty.  The  dues  of  the  lessor  or  landlord  of  a  mine,  or  of  the 
owner  of  a  patented  invention. 

Rozan  process.     An  improvement  of  the  Pattinson  process. 

Rubber.  A  gold-quartz  amalgamator,  in  which  the  slime  is  rubbed 
against  amalgamated  copper  surfaces. 

Rullers,  Corn.  The  workmen  who  wheel  ore  in  wlieel barrows 
underground. 

Run,  Corn.  1.  The  natural  fixlling  or  closing  togetlier  of  under- 
ground workings.  2.  Certain  accidents  to  the  winding  apparatus. 
3.  By  the  run.  A  method  of  paying  coal  miners  per  linear  yard  of 
breast  excavated,  instead  of  by  the  wagon  of  clear  coal  produced.  4. 
A  long  deep  trough  in  which  slimes  settle.     5.  See  Coxniter. 

Runner.  The  channel  through  which  molten  metal  is  conducted 
from  the  blast  furnace  or  cupola  to  the  pig-bed,  converter  or  moulds. 
See  Pig-iron. 

Run-out  fire.     A  forge  in  which  cast-iron  is  refined. 

Run-steel.     Malleable  castino^s. 

Rush,  Corn.     See  Spire. 

Rusty.  Applied  to  coals  discolored  by  water  or  exposure,  as  well 
as  to  quartz,  etc.,  discolored  by  iron  oxide. 

Rusty  gold,  Pac.  Free  gold,  which  does  not  easily  ama%amate, 
the  particles  being  coated,  as  is  supposed,  with  oxide  of  iron. 

Saddle.     An  anticlinal  in  a  bed  or  flat  vein. 
Safety-cage.     A  cage  with  a  safety  catch. 
Safety-car.     See  Barney. 

Safety-catch.     An  automatic  device  for  preventing  the  fall  of  a 

cage  in  a  shaft  or  a  car  in  an  incline,  if  the  supporting  cable  breaks. 

Safety-lamp.     A  lamp,  the  flame  of  which  is  so  protected  that  it 
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will  not  immediately  ignite  fire-damp.  There  are  several  varieties, 
invented  by  Davy,  Stephenson,  Clanny,  and  others. 

Salamander.  A  mass  of  solidified  material  in  a  furnace  hearth; 
called  also  a  sow  and  hear. 

Saline.     A  salt  spring  or  well ;  salt  works. 

Sampson-post.  An  upright  post  which  supports  the  walking-beam, 
communicating  motion  from  the  engine  to  a  deep-boring  apparatus. 

Sand-pump.  A  cylinder  with  a  valve  at  the  bottom,  lowered 
into  a  drill-hole  from  time  to  time,  to  take  out  the  accumulated  slime 
resulting  from  the  action  of  the  drill  on  the  rock.  Called,  also. 
Shell- jmmp  and  Sludger. 

Scaffold.  An  obstruction  in  a  blast  furnace  above  the  tuyeres 
caused  by  an  accumulation  or  shelf  of  pasty,  unreduced  materials, 
adhering  to  the  lining. 

Seal,  Corn.  A  portion  of  earth  or  rock  which  separates  and  falls 
from  the  main  body. 

Scale.  1.  The  crust  of  metallic  oxide  formed  by  cooling  of  hot 
metals  in  air.  Hammer-scale  and  roll-scale  are  the  flaky  oxides 
which  fall  from  the  bloom,  ingot,  or  bar  under  hammering  or  rolling. 
2.  The  incrustation  caused  in  steam-boilers  by  the  evaporation  of 
water  containing  mineral  salts.  3.  A  scale  o/ aiV  (Newc.)  is  a  small 
portion  of  air  abstracted  from  the  main  current. 

Scarcement.  A  projecting  ledge  of  rock,  left  in  a  shaft  as  footing 
for  a  ladder,  or  to  support  pit-work,  etc. 

Scarfing.  Splicing  timbers,  so  cut  that  when  joined  the  resulting 
piece  is  not  thicker  at  the  joint  than  elsewhere. 

Schist.  Crystalline  rock,  usually  micaceous,  having  a  slaty 
structure. 

Schlicker,  Germ.  The  skimmings  from  molten  unrefined  lead, 
containing  chiefly  copper,  iron,  and  zinc,  with  a  little  antimony  and 
arsenic. 

Schorl.     Black  tourmaline. 

Scoria  or  Scorice.     See  Slag. 

Scorijication.  A  process  employed  in  assaying  gold  and  silver 
ores,  and  performed  in  a  shallow  clay  vessel  {scarifier),  in  which  ore, 
lead,  and  borax-glass  are  exposed  to  heat  and  oxidation  in  a  mufile. 
The  operation  involves  roasting,  fusion,  and  scarification  proper,  or 
the  formation  of  a  slag,  which  is  not,  like  the  litharge  produced  in 
cupellation,  absorbed  by  the  vessel. 

Scotch  hearth,    A  low  forge  or  furnace  of  cast-iron,  with  one  tuyere. 
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ill  which  rich  galena  is  treated   by  a  sort  of  accelerated  roasting  and 
7'eactfon  process. 

Scouring  cinder.  A  basic  slag,  which  attacks  the  lining  of  a  shaft- 
furnace. 

Scovan  lode^  CoRN.  A  lode  having  no  gossan  at  or  near  the  sur- 
face. 

Scraper.     A  tool  for  cleaning  bore-holes. 

Screen.  A  sieve  of  wire-cloth,  grate-bars,  or  perforated  sheet-iron 
used  to  sort  ore  and  coal  according  to  size.  Stanip-mortars  have 
screens  on  one  or  both  sides,  to  determine  the  fineness  of  the  escapino- 
pulp. 

Screiv-bell.  A  recovering  tool  in  deep  boring,  ending  below  in  a 
hollow  screw-threaded  cone. 

Serin  or  Skrin,  Derb.     A  small  subordinate  vein. 

Seam.  1.  A  stratum  or  bed  of  coal  or  other  mineral.  2.  Corn. 
A  horse-load.     3.  A  joint,  cleft,  or  fissure. 

Seat,  Derb.     The  floor  of  a  mine. 

Seed-bag.  A  bag  filled  with  flaxseed  and  fastened  around  the 
tubing  in  an  artesian  well,  so  as  to  form,  by  the  swelling  of  the 
flaxseed  when  wet,  a  water-tight  packing,  preventing  percolation 
down  the  sides  of  the  bore-hole  from  upper  to  lower  strata.  When 
the  tubing  is  pulled  up  the  upper  fiistening  of  the  bag  breaks,  and 
it  empties  itself,  thus  presenting  no  resistance  to  the  extraction  of 
the  tubing. 

Segregate,  Pag.  To  separate  the  undivided  joint  ownership  of  a 
mining  claim  into  smaller  individual  "segregafed^^  claims. 

Segregation.  A  mineral  deposit  formed  by  concentration  from  the 
adjacent  rock. 

Selvage,  or  Selfedge.  A  layer  of  clay  or  decomposed  rock  along 
a  vein-wall.     See  Gouge. 

Semi-anthracite.     See  Coal. 

Semi- bituminous  coal.     See  CoaL 

Separator.  1.  A  machine  for  separating,  with  the  aid  of  water  or 
air,  materials  of  different  specific  gravity.  Strictly,  a  separator  parts 
two  or  more  ingredients,  both  valuable,  while  a  concentrator  saves 
but  one  and  rejects  the  rest ;  but  the  terms  are  often  used  inter- 
changeably. 2.  Any  machine  for  separating  materials,  as  the  mag- 
netic separator,  for  separating  magnetite  from  its  gangue. 

Set  or  Sett,  CoRi^.  1.  A  grant  of  mining  ground,  as  the  assign- 
ment of  a  certain  part  of  a  mine  under  contract  or  tribute.  2.  A 
frame  of  timber  for  supporting  excavations. 
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Sdtler.  A  tub  or  vat,  in  which  pulp  from  the  amalgamating  pan 
or  battery-pulp  is  aUowed  to  settle,  being  stirred  in  water,  to  remove 
the  lighter  portions. 

Shadd,  Corn.  Smooth,  round  stones  on  the  surface,  containing 
tin-ore,  and  indicating  a  vein. 

Shaft.  1.  A  pit  sunk  from  the  surface.  2.  The  interior  of  a 
shaft-furnace  above  the  boshes. 

Shaft-farnace.  A  high  furnace,  charged  at  the  top  and  tapped  at 
the  bottom. 

Shaft-walls.  1.  The  sides  of  a  shaft.  2.  Newc.  Pillars  of  coal 
left  near  the  bottom  of  a  pit. 

Shake.  1.  A  cavern,  usually  in  limestone.  2.  A  crack  in  a  block 
of  stone. 

Shaking -table.     See  Percussion-table. 

Shambles.  Shelves  or  benches,  from  one  to  the  other  of  which 
successively  ore  is  thrown  in  raising  it  to  the  level  above,  or  to  the 
surface. 

Shearing.  1.  The  vertical  side-cutting  wdiich,  together  with  holing 
or  horizontal  undercutting,  constitutes  the  attack  upon  di  face  of  coal. 
2.  Cutting  up  steel  for  the  crucible. 

Shears,  Corn.  Two  high  timbers,  standing  over  a  shaft  and 
united  at  the  top  to  carry  a  pulley,  for  lifting  or  lowering  timbers, 
pipes,  etc.,  of  greater  length  than  the  ordinary  hoisting-gear  can  ac- 
commodate. 

Sheathing.     A  close  partition  or  covering  of  planks. 

Sheave.     The  groove-wheel  of  a  pulley. 

Shelf,  Corn.  The  solid  rock  or  bed-roch,  especially  under  alluvial 
tin-de})osits. 

Shell-pump.     See  Sand-pump. 

Shelly.  The  condition  of  coal  which  has  been  so  much  faulted 
and  tw^isted  that  it  is  not  massive,  but  easily  breaks  into  conchoidal 
pieces. 

Shet,  S.  Staff.     The  broken-down  roof  of  a  coal-mine. 

Shift.  1.  The  time  for  a  miner's  work  in  one  day.  2.  The  gang 
of  men  working  for  that  })eriod,  as  the  day-shift,  the  night-shift. 

Shift-boss.     The  foreman  in  charge  of  a  shift  of  men. 

Shingling.     Hammering  blooms,  billets,  etc. 

Shiver.     1.  Shale;  a  hard  argillaceous  bed.    2.  Qee  Sheave. 

Shoad,  Corn.  Ore  washed  or  detached  from  the  vein  naturally. 
See  Float-ore. 
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Shoadlng  or  Shading,  Corn.  The  tracking  of  boulders  towards 
the  vein  or  rock  from  which  they  have  come. 

Shoe.  A  j)iece  of  iron  or  steel,  attached  to  the  bottom  of  a  sfamp 
or  muUer,  for  grinding  ore.  The  shoe  can  be  replaced  when  worn 
out. 

Shoot.  1.  See  Chute.  2.  See  Blast.  A  shot  is  a  single  operation 
of  blasting. 

Shooting-needle.  A  sharp  metal  rod,  to  form  a  vent-hole  through 
the  tamping  to  a  blasting-charge. 

Shore-nose  shell.  A  cylindrical  tool,  cut  obliquely  at  bottom,  for 
boring  through  hard  clay. 

Sliow.  1.  The  pale-blue,  lambent  flame  on  the  top  of  a  common 
candle-flame,  indicating  the  presence  of  fire-damp.     2.  See  Blossom. 

Shute.     See  Chute. 

Sicker.     See  Zigliyr. 

Siddle.     The  inclination  of  a  seam  of  coal. 

Side-basset.     A  transverse  direction  to  the  line  of  dip  in  strata. 

Side- guide.     See  Guard. 

Side-laning,  S.  Staff.  Widening  a  gate-road  (abandoned  for  that 
purpose)  so  as  to  make  it  part  of  a  new  side  of  luork. 

Side  of  ivorh,  S.  Staff.  The  series  of  breasts  and  pillars  connected 
with  a  gate-road  in  a  colliery. 

Siemens  furnace.  A  reverberatory  furnace,  heated  by  gas,  with 
the  aid  of  regenerators. 

Sigger.     See  Zighyr. 

Silesian  zinc  furnace.  A  furnace  in  which  zinc  is  reduced  and 
distilled  from  calcined  ores  in  muffles. 

Silicious.     Consisting  of  or  containing  silex  or  quartz. 

Sill.  1 .  A  stratum.  2.  A  piece  of  wood  laid  across  a  drift  to  con- 
stitute a  frame  with  the  posts  and  to  carry  the  track  of  the  tramway. 

Silt.     See  Alluvium,. 

Silver  ores.  Silver-glance  (cirgentite,  sulphide) ;  horn-silver  (cer- 
argyrite,  chloride) ;  dark-ruby  silver  {pyrargyrite,  sulphantimonide) ; 
light-ruby  silver  (proustite,  sulpharsenide) ;  brittle  silver-glance  (stepha- 
nite^  antimonial  sulphide  of  silver,  and  polybasite,  arsenical  and 
antimonial  sulphide  of  several  metals);  white  ore  (argentiferous 
gray  copper,  tetrahedrife,  antinionial  sulphide  of  iron,  zinc,  copper, 
lead,  and  silver) ;  stetefeldtite  and  partzite  (antimoniates) ;  also,  argen- 
tiferous lead,  copper,  and  zinc  ores. 

Sinker-bar.  A  heavy  bar  attached  above  the  jars  to  cable-drilling 
tools. 


176      A    GLOSSARY   OF   MINING   AND   METALLURGICAL   TERMS. 

Slnldng-jire,  A  forge  in  which  wrought-iron  scrap  or  refined  pig- 
iron  is  partially  melted  or  Avelded  together  by  means  of  a  charcoal- 
fire  and  a  blast. 

Siphon-tap.     See  Arends^  tap. 

Sit  ov  Sits.  A  settling  or  falling  of  the  top  of  workings.  See 
Thrust  and  Creep. 

Sizing.  Separating  ores  according  to  size  of  particles,  preparatory 
to  dressing. 

Shep  or  Ship,  Corn.  An  iron  box  working  between  guides,  in 
which  ore  or  rock  is  hoisted.  It  is  distinguished  from  a  kibble^ 
which  hano^s  free  in  the  shaft. 

Skew-plcde.     See  Bloomary. 

Skimmings  or  Skinipings,  Corn.  The  poorest  part  skimmed  off 
the  jigger. 

Skull.     A  crust  of  solidified  steel  lining  a  Bessemer  ladle. 

Slack.     Small  coal;  coal  dirt.     See  Culm  {2). 

Slag.  The  vitreous  mass  separated  from  the  fused  metals  in 
smelting  ores. 

Slag-hearth.  A  hearth  on  the  principle  of  the  SGotoh-hearth  for 
the  treatment  of  slags,  etc.,  produced  by  lead-smelting  in  the  rever- 
beratory  furnaGe.  The  English  slag-hearth  has  one  tuyere;  the 
Castilian  or  Spanish,  three. 

Slag-lead.     Lead  obtained  by  a  re-smelting  o? gray  slag. 

Slag-wool.  A  finely  fibrous  mass  produced  by  blowing  steam  or 
air  into  molten  slag. 

Slant.  A  heading  driven  diagonally  between  the  dip  and  the 
strike  of  a  coal-seam  ;  also  called  a  run.     See  Run  and  Counter. 

Slate.  A  sedimentary  rock  splitting  into  thin  plates.  The  terms 
slate,  shale,  and  schist  are  not  sharply  distinguished  in  common  use, 
particularly  among  older  writers.  Strictly,  according  to  recent 
authors,  slate  may  be  crystalline;  schist  is  always  so  ;  shale  is  always 
(and  slate  most  frequently)  non-crystalline.  There  is  also  a  notion 
of  coarser  or  less  complete  lamination  attached  to  the  term  shale^  as 
of  a  rock  splitting  into  thicker  or  less  perfect  plates  than  slate.  Both 
may  be  argillaceous,  arenaceous,  calcareous,  silicious,  etc.,  according 
to  their  lithological  character.  The  terms  slaty,  shaly,  and  schistose 
describe  the  respective  structures. 

Sleek,  Newc.     Mud  deposited  by  water  in  a  mine. 

Sleeper.     See  Sill. 

Sleeping-table,  Corn.  A  stationary  buddle.  For  the  strict  dis- 
tinction sometimes  made  between  buddle  and  table,  see  Buddie. 
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SUcheufddes.  Polished  and  sometimes  striated  surfaces  on  the 
walls  of  a  vein,  or  on  interior  joints  of  the  vein-material  or  of  rock- 
masses.     They  are  the  result  of  movement. 

Slide,  Corn.  1.  A  vein  of  clay  intersecting  and  dislocating  a  vein 
vertically  ;  or  the  vertical  dislocation  itself.  2.  An  upright  rail 
fixed  in  a  shaft  with  corresponding  grooves  for  steadying  the  cages. 

Slide-joint.  A  connection  acting  in  rod-boring^  like  the  jars  in 
rope-boring. 

Slimes  J  Corn.     The  most  finely  crushed  ores. 

SVme-table,     See  Buddie. 

Sline.     Natural  transverse  cleavage  of  rock. 

Slip.     A  vertical  dislocation  of  the  rocks. 

Slipes,  S.  Staff.  Sledge-runners,  upon  which  a  skip  is  dragged 
from  the  working  breast  to  the  tramway. 

Slit.  .  A  communication  between  two  levels. 

Slitter.     See  Pick. 

Sliver)  Eng.  A  thin  wooden  strip,  inserted  into  grooves  in  the 
adjacent  edges  of  two  boards  of  a  brattice,  to  make  it  air-tight. 

Slope.     See  Incline. 

Sludge.     See  Slimes. 

Sludger.     See  Sand-pump. 

Sluicing.     Washing  auriferous  earth  through  long  boxes  (sluices). 

Slums,  Pac.     See  Slimes. 

Slurry,  N.  Wales.     See  Regulus  (2). 

Smalt.  A  blue  pigment  or  glass,  consisting  of  silica,  potash,  and 
cobalt. 

Smeddum,  Scot.  The  smaller  particles  which  pass  through  the 
sieve  of  the  hutch. 

Smelting.     Reducing  ores  by  fusion  in  furnaces. 

Smift.     A  fuse  or  slow  match. 

Smitham  or  Smiddan,  Derb.     Lead -ore  dust. 

Smid.  1.  S.  Staff.  Bad,  soft  coal,  containing  much  earthy 
matter,     2.  See  Blossom. 

Snoff,  Corn.     A  short  candle-end,  put  under  a  fuse  to  light  it. 

Snore-hole.  The  hole  in  the  lower  part  or  ivind-bore  of  a  mining 
pump,  to  admit  the  water. 

Soapstone.  Compact  talc  or  steatite;  often  applied  incorrectly  to 
soft  unctuous  clays  or  marls. 

Softening.     Of  lead,  the  removal  of  antimony  and  other  impurities. 

Solder.  A  metal  or  alloy  used  to  unite  adjacent  surfaces  of  less 
fusible  metals  or  alloys.     Soft  solder  is  a  compound  of  tin  and  lead  ; 
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hard,  solder,  of  copper  and  zinc,  or  tin,  copper,  and  zinc,  or  tin  and 
antimony;  gold  solder,  of  gold,  silver,  and  copper;  silver  solder^  of 
silver  and  copper,  or  silver  and  brass;  and  so  on. 

Sole.  1.  The  bottom  of  a  level.  2.  The  bottom  of  a  reverberatory 
furnace. 

Solid  crih-timhering.  Shaft-timbering  with  cribs  laid  solidly 
upon  one  another. 

Sollar,  Corn.  A  platform  in  a  shaft,  usually  constituting  a 
landing  between  two  ladders. 

Sough,  Derb.     See  Adit. 

Sow.     1.  See  Salamander.     2.  See  Pig-iron. 

Spale,  Corn.     To  fine  for  disobedience  of  orders. 

Spall  or  Spawl.  To  break  ore.  Ragging  and  cobbing  are  re- 
spectively coarser  and  finer  breaking  than  spalUng,  but  the  terms 
are  often  used  interchangeably.  Pieces  of  ore  thus  broken  are  called 
spalls. 

Spar.  A  name  given  by  miners  to  any  earthy  mineral  having  a 
distinct  cleavable  structure  and  some  lustre;  in  Cornwall  usually 
quartz. 

Spears.     See  Pump-rods. 

Speise  or  Speiss,  Germ.  Impure  metallic  arsenides  (principally 
of  iron),  produced  in  copper  and  lead  smelting.  Cobalt  and  nickel 
are  found  concentrated  in  the  speiss  obtained  from  ores  containing 
these  metals 

Spel  or  Spell.     A  change  or  turn. 

Spence-furnace.     A  long  reverberatory,  for  thorough  roasting. 

Spend.     To  break  ground  ;  to  continue  working. 

Spiegeleisen.     Manganiferous  white  cast-iron. 

Spiking-curb,  Eng.  A  curb  to  the  inside  of  which  j^l^^'^^^-iubing 
is  spiked. 

Spilling,  Corn.  A  process  of  driving  or  sinking  through  very 
loose  ground. 

Spills,  Corn.  Long  thick  laths  or  poles  driven  ahead  horizon- 
tally around  the  door-frames,  in  running  levels  in  loose  ground — a 
kind  o^  lagging  \nit  in  ahead  of  the  main  timbering. 

Spire.  The  tube  carrying  the  train  to  the  charge  in  a  blast-hole. 
Also  called  reed  or  rush,  because  these,  as  well  as  spires  of  grass,  are 
used  for  the  purpose. 

Spitting.  The  violent  ejection  of  globules  by  a  body  of  molten 
silver,  in  the  act  of  becoming  solidified  by  cooling. 

Splint  coal.     See  Coal. 


A   GLOSSARY   OF   MIXING   AND    METALLURGICAL   TERMS.       179 

Split.  1.  To  divide  a  ventilating^  onrrent.  2.  When  a  parting 
in  a  coal-seam  becomes  so  thick  that  the  two  portions  of  the  seam 
must  be  worked  separately,  each  is  called  a  split.     See  Bench. 

Sponge.  Metal  in  a  porous  form,  usually  obtained  by  reduction 
without  fusion.     See  Chenot  process. 

Spoon.  1.  An  instrument  made  of  an  ox  or  buffalo  horn,  in  which 
earth  or  pulp  may  be  delicately  tested  by  washing  to  detect  gold, 
amalgam,  etc.  2  (or  Spoon-end).  The  edge  of  a  coal-basin  when 
the  coal-seam  spoons,  i.  e.,  rises  to  the  surface,  after  growing  thinner 
as  it  approaches  its  termination. 

Spout,  S.  Staff.     See  Air-head. 

Sprag.  1.  A  prop.  2.  A  short  round  piece  of  wood  used  to 
block  the  wheels  of  a  car. 

Spreader.  A  horizontal  timber  below  the  cap  of  a  set,  to  stiffen 
the  legs,  and  to  support  the  brattice  when  there  are  two  air-courses 
in  the  same  gangway. 

Spreaders.  Pieces  of  timber  stretched  across  a  shaft  as  a  tempo- 
rary support  of  the  walls. 

Sprue.  A  piece  of  metal  attached  to  a  casting,  occupying  the  gate 
or  passage  through  which  the  metal  was  poured. 

Spud.  A  nail,  resembling  a  horseshoe  nail,  with  a  hole  in  the 
head,  driven  into  mine-timbering,  or  into  a  wooden  plug  inserted  in 
the  rock,  to  mark  a  surveying-station. 

Spur.     A  branch  leaving  a  vein,  but  not  returning  to  it. 

Spurns,  S.  Staff.  Small  connecting  masses  of  coal,  left  for 
safety  during  the  operation  of  cutting,  between  the  hanging  coal  and 
the  main  bod^'. 

Square  sets.     A  kind  of  timbering  used  in  large  spaces. 

Squat,  Corn.  1.  Tin -ore  mixed  with  spar.  2.  See  Bunch  of 
ore. 

Squeeze.  The  settling,  without  breaking,  of  the  roof  over  a  con- 
siderable area  of  workings. 

Squeezer.  A  machine  for  reducing  the  puddle-ball  to  a  compact 
mass,  ready  for  the  hammer  or  rolls. 

Squib.     A  slow-match  or  safety-fuse,  used  with  a  barrel. 

Squirting.  Forcing  lead  by  hydraulic  pressure  into  the  form  of 
rods  or  pipes. 

Stack.     1.  A  chimney.     2.  See  Shaft-furnace. 

Stall,  S.  Staff.     See  Room,  Breast,  and  Post-and- Stall. 

Stamping.  Ileducing  to  the  desired  fineness  in  a  stamp-mill.  The 
grain  is  usually  not  so  fine  as  that  produced  by  grinding  in  pans. 
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Stamp-mill.  An  appciratus  (also  the  building  containing  the  ap- 
paratus) in  which  rock  is  crushed  by  descending  pestles  (stamps), 
operated  by  water  or  steam-power.  Amalgamation  is  usually  com- 
bined with  the  crushing  when  gold  or  sih^er  is  the  metal  sought,  but 
copper  and  tin-ores,  etc.,  are  stamped  to  prepare  them  for  dressing. 

Stamps,  S.  Wales.  The  pieces  into  which  the  rough  bars  shin- 
gled froui  the  finery  ball  are  broken,  to  be  jnled  for  subsequent  roll- 
ing into  sheet-iron. 

Stamp-work,  Lake  Sup.  Rock  containing  disseminated  native 
copper. 

Stanchion.     See  Leg. 

Standage,  Eng.  A  large  sump,  or  more  than  one,  acting  as  a 
reservoir. 

Stannary.     A  tin-mine  or  tin-works. 

Station.  1.  SeeFlatt.  2.  Also,  a  similar  enlargement  of  shaft  or 
level  to  receive  a  balance-bob  [hob -station),  pump  {pump -station),  or 
tank  {tanh-statio7i). 

Steamboat-coal,  Penn.     See  Coal. 
Steam- coal.     See  Coal. 

Steel.  A  compound  or  alloy  of  iron,  principally  with  carbon, 
which  may  be  cast,  forged,  hardened,  and  tempered.  Ordinary  steel 
contains  from  0.5  to  1.5  per  cent,  of  carbon.  More  carbon  makes 
cast-iron  ;  less  carbon,  wrought-iron.  But  this  classification  is  not 
now  strictly  adequate  or  a|)plicable,  either  to  the  scientific  or  to  the 
commercial  use  of  the  term.  The  so-called  mild  or  low  or  structural 
steels  (low  in  carbon,  and  hence  relatively  soft  and  tough),  as  com- 
pared with  high  or  hard  or  tool  steels,  do  not  always  harden  or 
temper.  An  international  committee  appointed  by  the  American 
Institute  of  Mining  Engineers  has  recommended  the  use  of  the  fol- 
lowing classification  : 

1.  That  all  malleable  compounds  of  iron  with  its  ordinary  ingre- 
dients, which  are  aggregated  from  pasty  masses,  or  from  piles,  or 
from  any  forms  of  iron  not  in  a  fluid  state,  and  which  will  not  sen- 
sibly harden  and  temper,  and  which  generally  resemble  what  is 
called  "  wrought-iron,'^  shall  be  called  weld-iron  (Germ.,  Schweissei- 
sen  ;  Yn.,fer  sonde). 

2.  That  such  compounds,  when  they  will  from  any  cause  harden 
and  temper,  and  which  resemble  what  is  now  called  "  puddled  steel," 
shall  be  called  tceld-steel  (Germ.,  Schweissstahl ;  ¥R.,acier  snude). 

3.  That  all  compounds  of  iron  with  its  ordinary  ingredients,  which 
have  been  cast  from  a  fluid  state  into  malleable  masses,  and  which 
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will  not  sensibly  harden  by  being  quencherl  in  water  while  at  a  red 
heat,  shall  be  called  ingot-iron  (Germ.,  Flusseisen  ;  YR.,ferfondu). 

4.  That  all  such  compounds,  when  they  will  from  any  cause  so  har- 
den, shall  be  called  ingot-steel  (Germ.,  Flussdahl ;  Fr.,  acier  fondu). 

This  proposed  classification  does  not  cover  ordinary  cast  or  pig  iron. 
It  is  a  classification  of  the  malleal>le  compounds  only.  The  Institute 
has  recommended  its  use  in  papers  and  discussions,  except  as  to  the 
term  loeld,  for  which  a  substitute  was  desired,  and  meanwhile  the 
continuance  of  the  old  term  wrought,  though  in  a  somewdiat  wider 
sign  ificance,  was  suggested.  The  resolution  of  the  Institute  concl  udes 
as  follows  :  ^^  It  being  understood  that  the  ingot-iron  amd  ingot- steel  of 
this  classification  constitute,  taken  together,  what  is  now  commer- 
cially known  as  cast-steel,  including  the  so-called  low  or  soft  cast- 
steels.'^  Bessemer-steel  is  made  by  decarburizing  cast  iron  in  a  con- 
verter. (See  Bessemer  process.)  Blister  or  cement-steel  is  made  by  car- 
burizing  wrought  iron  bars  by  packing  them  in  charcoal  powder  and 
heating  without  access  of  air.  It  is  melted  in  crucibles  to  cast-steel,  or 
hammered  (tilted)  to  shear-steel  (for  cutlery,  etc.),  or  rolled  to  spring- 
steel.  Paddled  steel  is  made  by  arresting  the  puddling  process  before 
wrought  iron  has  been  produced,  and  thus  retaining  enough  carbon 
in  the  bath  to  constitute  steel.  Natural  steel  is  a  similar  product, 
obtained  from  the  refining  of  cast-iron.  Crucible  cast-steel  is  steel 
made  by  the  fusion  in  crucibles,  either  of  blister-steel,  or  puddled 
steely  or  steel-scrap,  or  other  ingredients  and  fluxes  which  will  produce 
the  desired  quality.  Cast-steel  in  its  widest  sense,  as  now  employed, 
comprises  all  malleable  compounds  of  iron  produced  by  fusion,  in- 
cluding therefore  the  Bessemer  and  open-hearth  metal.  Open-hearth, 
called  also  Martin- Siemens  steel,  is  made  in  the  reverberatory  furnace 
(almost  invariably  a  gas-furnace  on  the  Siemens  regenerative  system, 
since  an  intense  temperature  is  required)  by  the  reaction,  in  the 
fused  bath,  of  cast-iron  with  wrought-iron,  iron-oxide,  or  iron  ore. 
At  a  certain  stage  of  the  process  a  deoxidizing  or  recarburizing  agent 
{spiegeleisen,  ferrornanganese)  is  added.  Chrome-steel  is  a  crucible 
cast-steel  in  which  chromium  is  a  constituent.  Tungsten  or  Wolf- 
ram-steel is  a  steel  containing  tungsten.  Phosphor  us -steel  is  a  steel 
in  which  the  amount  of  phosphorus  exceeds  that  of  carbon.  Damas- 
cus-steel is  a  laminated  mixture  of  steel  and  wrought  iron.  India- 
steel  or  Wootz  is  manufactured  in  India  direct  from  the  ore. 

Stemmer,  Newc.     See  Tamping-bar. 

Stemming,  Newc.  The  tamping  put  above  the  charge  in  a  bore- 
hole. 
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Stempel  or  Stemple.  1.  Derb.  One  of  the  cross-bars  of  wood 
placed  in  a  mine-shaft  to  serve  as  steps.  2.  A.  stuU-piece.  3.  A  cap, 
both  sides  of  which  are  hitched  instead  of  being  supported  upon  legs. 
See  Stull. 

Stenton,  Newc.  A  passage  between  two  winning  headways.  A 
stenton-waU  is  the  pillar  of  coal  between  them. 

Step-grate.  A  grate  made  in  steps  or  stairs,  to  promote  complete- 
ness of  tlie  combustion  of  the  coal  burned  u{)on  it. 

Step-vein.  A  vein  alternately  cutting  through  the  strata  of 
country-rock,  and  running  parallel  with  them. 

Stetefeldt  furnace.  A  shaft-furnace  for  desulphurizing  or  chlori- 
dizing  roasting,  in  which  the  pulverized  charge  falls  freely  down  the 
shaft. 

Stirrup.     See  Temper -screio. 

Stochworh  (Germ.,  Stockwerh).  An  ore-deposit  of  such  a  form 
that  it  is  worked  in  floors  or  stories.  It  may  be  a  solid  mass  of  ore, 
or  a  rock-mass  so  interpenetrated  by  small  veins  of  ore  that  the 
whole  must  be  mined  together.  Stockworhs  are  distinguished  from 
tabular  or  .sAee^-deposits  (veins,  beds),  which  have  a  small  thickness 
in  comparison  with  their  extension  in  the  main  plane  of  the  deposit 
(that  is,  in  strike  and  dip). 

Stone-coal.     See  Coal. 

Stone-head,  Eng.  The  solid  rock  first  encountered  in  sinking  a 
shaft. 

Stoop-and- Rooms,  Scot.     See  Post-and-Stall. 

Slope,  Corn.  To  excavate  ore  in  a  vein  by  driving  horizontally 
upon  it  a  series  of  workings,  one  immediately  over  the  other,  or  vice 
versa.  Each  horizontal  working  is  called  a  stope  (probably  a  corrup- 
tion of  step),  because  when  a  number  of  them  are  in  progress,  each 
working  face  being  a  little  in  advance  of  the  next  above  or  below,  the 
whole  face  under  attack  assumes  the  shape  of  a  flight  of  stairs.  When 
the  first  stope  is  begun  at  a  lower  corner  of  the  body  of  ore  to  be  re- 
moved, and,  after  it  has  advanced  a  convenient  distance,  the  next  is 
commenced  above  it,  and  so  on,  the  process  is  called  over-hayid siopmg. 
When  the  first  stope  begins  at  an  upper  corner,  and  the  succeeding 
ones  are  below  it,  it  is  under-hand  stoping.  The  term  sloping  is 
loosely  applied  to  any  subterranean  extraction  of  ore  except  that 
which  is  incidentally  performed  in  sinking  shafts,  driving  levels,  etc., 
for  the  purpose  of  opening  the  mine. 

Stopping.     1.  See  Stoping.     2.  A  partition  of  boards,  masonry, 


A   GLOSSARY   OF   ^MIXING   AND   METALLURGICAL   TERMS.      183 

or  rubbish,  to  stop  the  air-current  in  a  mine,  or  force  it  to  take  a 
special  desired  direction. 

Stove.     The  oven  in  which  the  blast  of  a  furnace  is  heated. 

Stove-coal,  Penn.     See  Coal. 

Stowhord,  Newc.     A  place  into  which  rubbish  is  put, 

Stowce.  1.  A  windlass.  2.  Derb.  Stoivces  are  wooden  land- 
marks, ])laced  to  indicate  possession  of  mining  ground. 

Stoyjing.  A  method  of  mining  in  which  all  the  material  of  the 
vein  is  removed  and  the  waste  is  packed  into  the  space  left  by  the 
working. 

Straif/htenlrig  press.  A  power-press  to  straighten  iron  and  steel 
bars,  such  as  rails,  shafting,  etc. 

StraJce,  Corn.  An  inclined  launder  for  separating  or  tying  ground 
ore  in  water. 

Stratum.     A  bed  or  layer. 

Streak.  The  powder  of  a  mineral,  or  the  mark  which  it  makes 
when  rubbed  upon  a  harder  surface. 

Stream-tin,  Corn.     Tin -ore  in  alluvial  deposits,  as  pebbles. 

Stream-  work,  Corn.     Work  on  stream-tin. 

Streamers,  Corn.     Searchers  for  stream-tin. 

Striated.     Marked  with  parallel  grooves  or  strice. 

Strike.  The  direction  of  a  horizontal  line,  drawn  in  the  middle 
plane  of  a  vein  or  stratum  not  horizontal. 

String,  Corn.     A  small  vein. 

Stringing-deals,  Eng.  Thin  planks,  nailed  to  the  inside  of  the 
curbs  in  a  shaft,  so  as  to  suspend  each  curb  from  those  above  it. 

Strip.  To  remove  from  a  quarry,  or  other  open  working,  the 
overlying  earth  and  disintegrated  or  barren  surface  rock. 

Studdles,  Corn.  1.  Props  supporting  the  middle  of  stulls.  2. 
Distance-pieces  between  successive  frames  of  timbering. 

Stull,  Corn.  A  platform  (stull- covering),  laid  on  timbers  {stull- 
pieces),  braced  across  a  working  from  side  to  side,  to  support  work- 
men or  to  carry  ore  or  waste. 

Stulra.     See  Adit.     From  the  Germ.  StoUen. 

Stump,  Penn.  a  small  pillar  of  coal,  left  at  the  foot  of  a  breast 
to  protect  the  gangioay. 

Stup.  A  pulverized  mixture  of  clay  and  coke  or  coal.  Probably 
from  the  Germ.  Gestilhbe. 

Sturt.     A  trihute-hdiYgam  which  turns  out  profitable  for  the  miner. 

Stythe,  Newc.      Choke-damp. 
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Sublimation.  The  volatilization  and  condensation  of  a  solid  sub- 
stance, without  fusion. 

SMlmatlon-theoi^y.  The  theory  that  a  vein  was  filled  first  with 
metallic  vapors. 

SacJcer-rod.     The  pump-rod  of  an  oil-well. 

Sulphur.  1.  Iron  pyrites.  2.  Carburetted  or  sulphuretted  hy- 
drogen. 

Sulphurets,  Pac.  In  miners'  phrase,  the  undecomposed  metallic 
ores,  usually  sulphides.     Chiefly  applied  to  auriferous  pyrites. 

Sump,  CoRX.  (from  Germ.  Sumj)f.).  The  space  left  below  the 
lowest  landino^  in  a  shaft  to  collect  the  mine- water.  The  lowest 
pump  draws  from  it.  2.  Newg.  That  part  of  ajudd  of  coal  which 
is  extracted  first. 

Sump-fuse.     A  waterproof  fuse. 

Swad,  Newc.  a  thin  layer  of  stone  or  refuse  coal  at  the  bottom 
of  the  seam. 

Swape.     An  implement  for  shaping  the  edge  of  a  boring-bit. 

Swalls,  SwaUoics  or  Swallow-holes.  Surface  holes  caused  by  the  sub- 
sidence of  rocks;  or  openings  into  which  mine-water  disappears. 

Swamp.  A  depression  in  a  nearly  horizontal  bed,  in  which  water 
may  collect. 

Swedish  process.     See  German  j)rocess. 

Sweeping  table.     A  stationary  buddle. 

Sweeps.  The  dust  of  the  workshops  of  jewellers,  goldsmiths, 
silversmiths,  and  assayers  and  refiners  of  gold  and  silver. 

Sweet-roasting.     See  Roasting. 

Synclinal.  The  axis  of  a  depression  of  the  strata ;  also  the  de- 
pression itself.  Opposed  to  anticlinal^  which  is  the  axis  of  an  eleva- 
tion. 

Tackle,  CoRX.     The  loindlass,  rope,  and  kibble. 

TacJdevs,  Derb.     Small  chains  put  around  loaded  corves. 

Tail-house,  Tail-mill.    The  buildings  in  which  tailings  are  treated. 

Tailing.     See  Blossom. 

Tailings.  The  lighter  and  sandy  portions  of  the  ore  on  a  buddle 
or  in  a  sluice.  The  headings  are  accumulated  or  discharged  at  the 
upper  end,  the  middlings  in  the  middle,  while  the  tailings  escape  at 
the  foot.  The  term  tailings  is  used  in  a  general  sense  for  the  refuse 
of  reduction-processes  other  than  smelting. 

Tail-7'ace.  The  channel  in  which  tailings,  suspended  in  water,  are 
conducted  away. 


A   GLOSSARY   OF   MINING   AND   METALLURGICAL  TERMS.      185 

Tamp.  To  fill  (usually  with  clay-tamping)  the  bore-hole  or  other 
0})ening  through  which  an  explosive  (tiiarge  has  been  introduced  for 
blasting. 

Tarn  ping-bar  y  Corn. 

Tank.  A  subterranean  reservoir  into  which  a  pump  delivers 
water  for  another  pump  to  raise. 

Tap-cinder.  The  cinder  drawn  from  a  p^iddling-^nrnace  or 
bloomary. 

Tap-hole.  The  opening  through  which  the  molten  metal  is 
tapped  or  drawn  from  a  furnace. 

Teem,,  Eng.     1.  To  dump.     2.  To  pour  steel  from  a  melting-pot. 

Temper.  1.  To  grind  and  mix  plastic  materials,  such  as  clay,  or 
the  ingredients  of  mortar.  2.  To  give  the  metals  (especially  steel)  the 
desired  degree  of  hardness  and  elasticity  by  a  process  of  heating  and 
cooling,  suitably  regulated.  A  metallic  compound  in  which  these 
qualities  can  thus  be  produced  is  said  to  temper,  or  to  take  temper. 

Tempering -bar.     See  Furgen. 

Temper-screw.  A  screw-connection  for  lengthening  the  cohimn  of 
boring-rods  as  boring  advances. 

Tenant-helve,  ExG.     See  Frontal-hammer. 

Tepetate,  Sp.     Waste  rock  and  rubbish  in  a  mine. 

Terne-plate.  A  variety  of  tin-plate  coated  with  an  alloy  of  one- 
third  tin,  and  two-thirds  lead. 

Test.     See  Cupel. 

Test-ring.  An  oval  iron  frame  for  holding  a  test  or  movable 
cupelling-hearth. 

Ther mo-aqueous.  Produced  by,  or  related  to,  the  action  of  heated 
waters. 

Thill,  Newc.     The  floor  of  a  coal  mine. 

Thirling.     See  Thurling. 

Thomas  and  Gilchrist  process.     See  Basic  lining  process. 

Three-high  train.  A  roll-train  com})osed  of  three  rolls,  the  bar 
being  entered  on  one  side  between  the  bottom  and  the  middle  roll, 
and  on  the  other  side  between  the  middle  and  the  u})per  roll.  The 
p)asses  in  both  directions  thus  take  place  without  reversing  the  move- 
ment of  the  rolls,  as  is  done  in  so-called  reversing  rolls. 

TJiroio.  A  dislocation  or  fault  of  a  vein  or  stratum,  which  has 
been  thrown  up  or  doion  by  the  movement. 

Throwing,  S.  Staff.  The  operation  of  breaking  out  the  spurnsy 
so  as  to  leave  the  hanging  coal  unsupported,  except  by  its  own  co- 
hesion. 
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Thrust.  The  breaking^  down  or  the  slow  descent  of  the  roof  of  a 
gangway.     Compare  Creep. 

Thiirl,  S.  Staff.     To  cut  through  from  one  working  into  another. 

Thurlings.  Passages  cut  from  room  to  room,  in'  post-and- stall 
working. 

Thurst.  The  ruins  of  the  fallen  roof,  after  pillars  and  stalls  have 
been  removed. 

Tlcketings,  Corn.     Meetings  for  the  sale  of  ores. 

Tick-hole.     See  Vug. 

Tierras,  Sp.  Fine  dirt  impregnated  with  quicksilver  ore,  which 
must  be  made  into  adobes  before  roasting. 

Tiger.     See  Nipping-fork. 

Tile-copper.     See  Bottoms  (2). 

Tiller.     See  Brace-head. 

Tilt-hammer.  A  hammer  for  shingling  or  forging  iron,  arranged 
as  a  lever  of  the  first  or  third  order,  and  ''tilted''  or  "  tripped"  by 
means  of  a  cam  or  cog-gearing,  and  allowed  to  fall  upon  the  billet, 
bloom,  or  bar. 

Tin-frame,  Corn.  A  sleeping -table  used  in  dressing  tin-ore  slimes, 
and  discharged  by  turning  it  upon  an  axis  till  its  surface  is  nearly 
vertical,  and  then  dashing  water  over  it,  to  remove  the  enriched  de- 
posit. A  7nachine-frame  or  self-acting  frame  thus  discharges  itself 
automatically  at  intervals ;  a  hand-frame  is  turned  for  the  purpose 
bv  hand. 

Tin-ores.  Tinstone  (cassiterite,  oxide);  tin-pyrites  (stannite,  sul- 
phide of  tin,  copper,  iron  and  zinc).  The  latter  is  not,  so  far  as  I 
am  aware,  now  actually  treated  for  tin.  Ores  containing  it  are 
smelted  as  copper-ores,  and  the  tin  is  lost. 

Tin-plate.     Sheet-iron  coated  with  tin. 

Tin-witts,  Corn.  The  product  of  the  first  dressing  of  tin-ores, 
containing,  besides  tinstone,  other  heavy  minerals  (wolfram  and 
metallic  sulphides).  It  must  be  roasted  before  it  can  be  further 
concentrated.     Its  first  or  partial  roasting  is  called  rag-burning, 

Tipe.     To  upset  or  ''dump"  a  skip. 

Toadstone.     A  kind  of  trap-ro(ik. 

Ton.  For  many  things,  such  as  coal  and  iron,  the  ton  in  use  is 
the  long  ton  of  20  hundredweight  at  112  pounds  avoirdupois. 
Allowances  ("  sandage,"  etc.),  are  made  in  weighing  ])ig-iron  and 
other  crude  metals,  so  that  the  "  smelter's  ton  "  is  still  greater.  The 
Cornish  mining  ton  is  21  hundredweight  or  2352  pounds  avoirdupois. 
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In  gold  and  silver  mining,  and  throiigliout  the  Western  States,  the 
ton  is  the  short  ton  of  2000  pounds. 

Tonite.     A  nitrated  gun-cotton,  used  in  blasting. 

Top-wall.     See  lianging-wall. 

Torla,  Sp.  A  flat  heap  of  silver  ore  (sUine  or  pulp)  prepared  for 
the  patio  process. 

Tossing  or  tozing,  Corn.  1.  AVashing  ores  by  violent  agitation  in 
water,  their  subsidence  being  accelerated  by  pwc/cm^  or  striking  with 
a  hammer  the  heeve  in  which  the  operation  is  performed.  Chimming 
is  a  similar  process  on  a  smaller  scale.  2.  Refining  tin  by  allowing 
it,  while  molten,  to  fall  several  feet  through  the  air. 

Touchstone.  A  black,  hard  stone  (basalt  or  jasper),  on  which  the 
fineness  of  an  alloy  of  gold  and  silver  can  be  tested  by  comparing  its 
streak  with  that  of  a  piece  of  alloy  [touch-needle)  of  known  fineness. 

Tough-cake.     Refined  or  commercial  copper. 

Toughening.     Refining,  as  of  copper  or  gold. 

Tough -pitch.     See  Toxcgh-cake. 

Towt,  Newc.     a  piece  of  old  rope. 

Train.     See  Roll-train. 

Tram,  Wales.  1.  A  four-wheeled  truck  to  carry  a  tub,corve,  or 
hutch,  or  to  carry  coal  or  ore  on  a  railroad.  2.  One  of  the  rails  of 
a  tramroad  or  railroad. 

Trap.  In  miners'  parlance,  any  dark,  igneous  or  apparently 
igneous,  or  volcanic  rock. 

Trap-door.     See  Weather-door. 

Trapiche,  Sp.  A  rude  grinding  machine,  composed  of  two  stones, 
of  which  the  upper  is  fastened  to  a  long  pole. 

Trapper.     Kewc.     A  boy  who  opens  and  shuts  the  trap-door. 

Tribute,  Corn.  A  portion  of  ore  given  to  the  miner  for  his  labor. 
Tributors  are  miners  working  under  contract,  to  be  paid  by  a  tribute 
of  ore  or  its  equivalent  price,  the  basis  of  the  remuneration  being 
the  amount  of  clean  ore  contained  in  the  crude  product. 

Trip-hammer.     See  Tilt-hammer. 

Trogue.     A  wooden  trough,  forming  a  drain. 

Trolly.  A  small  four  or  two-wlieeled  truck,  without  a  body. 
The  two-wheeled  trolly  is  used  in  a  rolling-mill  to  wheel  i\\Q  puddle- 
balls  to  the  squeezer. 

Trombe  or  Trompe,  Fr.  An  apparatus  for  producing  an  air-blast 
by  means  of  a  falling  stream  of  water,  which  mechanically  carries 
air  down  with  it,  to  be  subsequently  separated  and  compressed  in  a 
reservoir  or  drum  below. 
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Trommel.     A  revolving  sieve  for  sizing  ores. 

Trouble,  N EWC.     A  dislocation  of  the  strata. 

Trow.     A  wooden  channel  for  air  or  water. 

Trumpeting,  S.  Staff.     A  small  channel  cut  behind  the  brick- 
work of  a  shaft  lined  with  masonry. 

Trunk,  Corn.    A  long  narrow  box  or  square  tube,  usually  of  wood. 

Trunking,  Corn.     Separating  slimes  by  means  of  a  trunk. 

Tubbing.  A  shaft-lining  of  casks  or  cylindrical  caissons,  of  iron 
or  wood.     See  Plank-tubbing. 

Tubing.     Lining  a  deep  bore-hole  by  driving  down  iron  tubes. 

Tubs,  Newc.     Boxes  for  lowering  coals.     See  Trolly. 

Tuff  or  Tufa.     A  soft  sandstone  or  calcareous  deposit. 

Tug,  Derb.  The  iron  hook  of  a  hoisting  bucket,  to  which  the 
tacklers  are  attached. 

Tunnel.  1.  A  nearly  horizontal  underground  passage,  open  at 
both  ends  to  day.     2.  Pac.     See  Adit. 

Tunnel-head.     The  top  of  a  sJiaft-furnace. 

Turbary.     A  peat- bog. 

Turn.     A  pit  sunk  in  a  drift. 

Turn-bat.  A  wooden  stick  used  in  turning  the  tongs  wliich  hold 
a  bloom  under  the  hammer. 

Turning -house.  The  first  working  on  a  vein  where  it  has  been 
intersected  by  a  cross-cut. 

Tut-work.  See  Dead-wo7'k.  In  general,  work  paid  for  by  the 
amount  of  excavation,  not  (as  in  tribute)  of  product. 

Tuyere,  Tweer,  Tivyer  or  Twere.  A  pipe  inserted  in  the  wall  of  a 
furnace,  through  which  the  blast  is  forced  into  the  furnace.  Usually 
the  tuyere  enters  through  an  embrasure  in  the  masonry  [tuyere-arch). 
A  nozzle  or  interior  pipe  is  frequently  inserted  at  the  inner  end  of 
the  tuyere.  By  changing  the  nozzle,  the  size  of  the  opening  for  the 
blast  may  be  thus  regulated  without  changing  the  tuyere.  The  latter 
is  either  an  annular  hollow  casting  of  iron  {box-tuyere)  or  bronze 
{bronze  tuyere),  or  a  coil  of  iron  pipe.  In  either  case,  water  is  con- 
tinually circulated  through  it,  to  protect  it  and  the  nozzle  from  the 
action  of  the  melting  materials  in  the  furnace.  Spray-tuyeres  are 
open  box-tuyeres,  in  which  a  spray  of  water,  instead  of  a  current,  is 
employed.     This  is  vaporized  by  the  heat,  and  passes  away  as  steam. 

Tuyere-plate.     See  Bloomary. 

Tying,  Corn.     See  Strake. 

Tymp.     A  hollow  iron  casting,  cooled  interiorly  by  a  current  of 


A   GLOSSARY   OF   MEXING  AND    METALLURGICAL   TERMS.       189 

water,  and  placed  to  protect  the  tymp-arch,  or  arch  ov^er  the  dam,  in 
a  blast  furnace  having  a  fore-hearth.     (See  Open  front.) 

Under-hand.     See  Slope, 

Underlayer,  Corn.     A  vertical  shaft  sunk  to  cut  a  lode. 

Underlie  or  Underlay,  Corn.  The  departure  of  a  vein  or  stratum 
from  the  vertical,  usually  measured  in  horizontal  feet  per  fathom  of 
inclined  depth.  Thus  a  dip  of  60°  is  an  underlay  of  three  feet  per 
fathom.  The  underlay  expressed  in  feet  per  fatliom  is  six  times  the 
natural  cosine  of  the  angle  of  the  dip.     See  Dip. 

Under-poled  copper.  Copper  not  poled  enough  to  remove  all  sub- 
oxide. 

Universal  train.  A  roll  train  having  adjustable  horizontal  and 
vertical  rolls,  so  as  to  produce  sections  of  various  sizes. 

Unwater.     To  drain  or  pump  water  from  a  mine. 

Upcast.  1.  A  lifting  of  a  coal  seam  by  a  dike.  2.  The  openino* 
through  which  the  ventilating  current  passes  out  of  a  mine.  See 
Doivncast. 

Upraise.     See  liise. 

Ure/s  process.  The  treatment  of  quicksilver  ores  by  heating  in 
iron  retorts  with  admixture  of  lime. 

VaW  Alta  furnace.     See  Hcihner  furnace. 

Vamping.  The  debris  of  a  stope,  which  forms  a  hard  mass  under 
the  feet  of  the  miner. 

Vanning,  Corn.  A  method  of  washing  ore  on  a  shovel,  analo- 
gous to  pjanyiing.  Concentrating  machines  are  sometimes  called 
vanners.     See  Percussion-table. 

Vein.  See  Lode.  The  term  vein  is  also  sometimes  applied  to 
small  threads,  or  subordinate  features  of  a  larger  deposit. 

Vena,  Sp.     A  small  vein. 

Vend,  Newg.     The  total  sales  of  coal  from  a  colliery. 

Verifier.  A  tool  used  in  deep  boring  for  detaching  and  bringing 
to  the  surface  portions  of  the  wall  of  the  bore-hole  at  any  desired 
depth. 

Vermilion.     Mercury  sulphide. 

Vestry,  Newc.     Refuse. 

Veta,  Sp.    a  vein.     As  compared  with  vena,  veta  is  the  main  vein. 

Viewer.     A  colliery  manager. 

Vigorite.     See  Explosives. 
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Vug,  vugg,  or  vugh.     A  cavity  in  the  rock^  usually  lined  with  a 

crystalline  incrustation.     See  Geode. 

Wad-hook.  A  tool  with  two  spiral  steel  blades  for  removing  frag- 
ments from  the  bottom  of  deep  bore-holes. 

Wagon.  A  four-wheeled  vehicle  used  in  coal  mines,  usually  con- 
tainino;  75  to  100  cnbic  feet. 

Wagon-breast.     A  breast  into  which  wagons  can  be  taken. 

TFa/e,  Newc.  To  clean  coal  by  picking  out  the  refuse  by  hand. 
The  bovs  who  do  this  are  called   Walers. 

Wall.  1 .  The  side  of  a  level  or  drift.  2.  The  country-rock  bound- 
ing a  vein  laterally. 

Wall-plates,  Corn.  The  two  side-pieces  of  a  timber  frame  in  a 
shaft,  parallel  to  the  strike  of  the  lode  when  the  shaft  is  sunk  on  the 
lode.     The  other  two  pieces  are  the  end-pieces. 

Washer.     See  Ore-icasher. 

Water-jacket     See  Jacket. 

Waste,  Newc.  Old  workings.  The  signification  seems  to  include 
that  of  both  goaf  and  gob. 

Wastrel.     A  tract  of  waste  land  or  any  waste  material. 

Water-barrel  or  Water-tank.  A  barrel  or  box,  with  a  self-acting 
valve  at  the  bottom,  used  for  hoisting  water  in  lien  of  a  pump. 

Water-level.  1.  The  level  at  which,  by  natural  or  artificial  drain- 
age, water  is  removed  from  a  mine  or  mineral  deposit.  2.  A  drift 
at  the  water-level. 

Waier-packer.  A  water-tight  packing  of  leather  between  the  pipe 
and  the  walls  of  a  bore-hole. 

Way -shaft.     See  Blind-shaft. 

Weather-door.  A  door  in  a  level  to  regulate  the  ventilating 
current. 

Weathering.  Changing  under  the  effect  of  continued  exposure  to 
atmos[)heric  agencies. 

Wedging-curb  or  Wedging-crib,  Eng.  A  curb  used  to  make  a 
water-tight  packing  between  the  tubbing  in  a  shaft  and  the  rock- 
walls,  by  means  of  split  deals,  moss,  and  wedges,  driven  in  between 
the  curb  and  the  rock. 

Weld.  To  join  pieces  of  metal  by  pressure,  at  a  temperature  be- 
low that  of  com])lete  fusion. 

Weld-iron.     Wrought- iron.     See  Iro7i  and  Steel. 

Weld- steel.     See  Steel. 

Well.     The  crucibk)  of  a  furnace. 
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Welsh  process.     See  English  process. 

Wether  ill  farnace.  A  furnace  with  perforated  iron  bottom,  under 
which  a  blast  is  introduced,  and  upon  which  zinc-ore  (red  oxide)  is 
reduced. 

Wharl  or  Wharr^  Newc.  A  sledge  for  hauling  corves  in  low 
drifts. 

Wheal,  Corn".     A  mine. 

Whim  or  Whimsey.  A  machine  for  hoisting  by  means  of  a  verti- 
cal drum,  revolved  by  horse  or  steam  power. 

Whin  ov  W/iinstone,  Newc.  Basaltic  rock;  any  hard,  unstrati- 
fied  rock.     In  Scotland,  greenstone. 

Whij).  The  simplest  horse-power  hoisting  machine,  consisting  of 
a  fixed  pulley  and  a  hoisting  rope  passing  over  it,  to  which  the 
animal  is  directly  attached. 

White- ash,  Penn.     See  Coal. 

White-damp.  A  poisonous  gas  sometimes  (more  rarely  than  fire- 
damp or  choke-damp,  etc.),  encountered  in  coal  mines.  It  has  been 
sup|)osed  to  contain  carbonic  oxide,  but  this  is  doubtful. 

White  furnace.     See  Howell  furnace. 

White-lead.     Carbonate  of  lead. 

White  tin,  Corn.     Metallic  tin. 

Whits  or  Witts,  Corn.     See  Tin-witts. 

Whitwell  stove.  A  fire-brick  hot-blast  stove,  on  the  regenerative 
system. 

M-^ hole-working,  Newc.  Working  where  the  ground  is  still  whole, 
i.  e.,  has  not  been  penetrated  as  yet  with  breasts.  Opposed  to  pillar- 
work,  or  the  extraction  of  pillars  left  to  support  previous  work. 

Wild  lead.     Zinc- blende. 

Wicket.     A  breast.     See  Breast,  and  Post-and-stall. 

Wimble.     A  shell-auger  used  for  boring  in  soft  ground. 

Win.     To  extract  ore  or  coal. 

Windbore,  Newc.     The  pipe  at  the  bottom  of  a  set  of  pumps. 

Winch  or  Windlass.  A  man-power  hoisting  machine,  consisting 
of  a  horizontal  drum  with  crank  handles. 

Winding.     Hoisting  with  a  rope  and  drum. 

Winds.     See  Winze. 

Winning.  1.  A  new  opening.  2.  The  portion  of  a  coal  field  laid 
out  for  working. 

Winning  headways.  Newc.  Headways  driven  to  explore  and 
open  out  the  coal  seam. 

Winze.     An  interior  shaft,  usually  connecting  two  levels. 
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Wood-tin.     Tinstone  of  light  wood-color. 

Wootz.     See  Steel. 

Work.     Ore  not  yet  dressed. 

Working.  See  Labor.  The  Spanish  and  the  English  term  are 
synonymous  in  meaning  and  alike  in  application.  A  icorhiny  may 
be  a  shaft,  quarry,  level,  open-cut,  or  stope,  etc. 

Working-barrel,  Corn.  The  cylinder  in  which  a  pump  piston 
works. 

Working  home.  Working  toward  the  main  shaft  in  extracting  ore 
or  coal,  as  in  longwall  retreating. 

Workijng-ouL  Working  away  from  the  main  shaft  in  extracting 
ore  or  coal,  as  in  longwall  advancing. 

W^ork-lead.     See  Base  bullion. 

Yellow-ore.     Corn.    Chalcopyrite.     See  Copper  ores. 
Yoking s.     See  Stowces. 

Zawn,  Corn.     A  cavern. 

Ziervogel  process.  The  extraction  of  silver  from  sulphuret  ores  or 
matte  by  roasting  in  such  a  way  as  to  form  sulphate  of  silver, 
leaching  this  out  with  hot  water,  and.  precipitating  the  silver  by 
means  of  metallic  copper. 

Zighyr,  zigger,  or  sicker^  Corn.  To  percolate,  trickle  or  ooze,  as 
water  through  a  crack.     From  the  Germ.,  sickern. 

Zinc-dust.  Finely-divided  zinc,  zinc-oxide,  and  impurities,  inci- 
dentally produced  in  the  manufacture  of  spelter.  It  is  sometimes 
used  as  an  inferior  paint  {zinc-gray). 

Zinc-gray.     See  Zinc-dust. 

Zinc-ores.  Red  ore  {zincite,  oxide) ;  black-jack  (zinc-blende,  sphal- 
er'ite,  sulphide) ;  zinc-spar  (noble  calamine,  smithsonite,  carbonate, 
and  earthy  calamine,  hydrozincite,  hyd rated  carbonate) ;  silicious  oxide 
(willcmite,  anhydrous,  and  calamine,  hydrated  silicate). 

Zinc-scum.  The  zinc-silver  alloy  skimmed  from  the  surface  of 
the  bath  in  the  process  of  desilverization  (jf  lead  by  zinc. 

Zinc-white.     Oxide  of  zinc. 

Zones.  In  a  shaft-furnace,  the  different  portions  (horizontal  sec- 
tions) are  called  zones,  and  characterized  according  to  the  reactions 
which  take  place  in  them,  as  the  zone  of  fusion  or  smelting -zone,  the 
reduction-zone,  etc. 
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BAIL  SPECIFICATIONS  AND  BAIL  INSPECTION  IN 

EUBOPE. 

BY  C.    P.    SANDBERG,    C.E.,  LONDON,   ENGLAND, 


INTRODUCTION. 

Notwithstanding  the  growing  importance  of  this  subject,  no 
work  specially  devoted  to  it  has  hitherto  been  published.  Having 
had  to  inspect  during  the  last  twenty  years  nearly  a  million  tons 
of  iron  and  steel  rails  for  various  countries,  T  have  obtained  ex- 
perience of  what  rail  manufacturers  can  practically  execute,  as  well 
as  of  what  railway  engineers  practically  require.  Bearing  these 
two  points  in  mind,  I  have  from  time  to  time  published  obser- 
vations with  a  view  to  unite  both  interests, — that  of  the  producer 
and  that  of  the  consumer,^and  to  reduce  the  specifications  and  the 
forms  of  sections  to  standards,  or  types,  in  order  to  facilitate  the  exe- 
cution of  the  works  and  to  improve  the  construction  of  permanent 
way.  The  Swedish  government  railways,  as  well  as  private  com- 
panies owning  railways  in  Sweden,  Norway,  and  Denmark,  have 
durino;  the  time  above  mentioned  consulted  with  me  and  intrusted 
to  me  their  rail  inspection.  I  therefore  owe  to  these  countries  much 
of  the  opportunity  which  I  have  enjoyed  of  gaining  experience  and 
position.  Next  to  Sweden,  America  is  the  country  which  has  most 
liberally  favored  me  w^ith  its  confidence  in  placing  these  matters  in 
my  hands.  Through  circumstances  not  under  my  control  there  has 
been  little  exportation  to,  and  less  work  done  by  Europe  for,  America 
during  the  last  six  years;  but  the  recent  revival  of  the  rail  trade  has 
been  the  more  gratifying  to  me,  seeing  that  almost  all  the  importers 
of  American  rails  are  still  specifying  for  the  Sandberg  rail  sections 
and  inspection.  It  is  therefore  with  feelings  of  gratitude  that  I  now 
beg  to  lay  before  the  American  Institute  of  Mining  Engineers,  and  I 
hope,  through  that  body,  before  the  American  railway  world,  the  re- 
sults of  some  experience  which  I  have  gained  in  the  execution  of 
work  for  their  country,  and  which  therefore  belongs  rightfully  to 
voxi.  IX. — 13 
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America.  I  shoukl  also  mention  in  this  introduction  that  T  am  greatly 
indebted  to  Canada  for  work  intrusted  to  my  care,  and  also  to  Russia, 
a  country  for  which  I  have  inspected  very  large  quantities  of  rails, 
and  from  which  I  have  received  distinguished  marks  of  honor.  I 
propose  in  this  paper  to  give  a  resume  of  my  experience  as  an  inde- 
pendent rail  inspector  in  the  hope  of  benefiting  both  makers  and 
consumers,  and  I  intend  to  divide  the  subject  into  two  parts — namely, 
Specification  and  Inspection,  treating  each  part  after  my  own  method 
of  proceeding,  as  being  that  with  which  I  am  naturallv  most  familiar. 
Afterwards  I  shall  compare  my  practice  with  that  of  other  engineers 
in  England  and  other  parts  of  Europe. 

Part  L 

specification.* 

Sandberg^s  Standard  Sections  of  Iron  Rails. — I  have  had  prin- 
cipally to  inspect  the  flange  or  flat-bottomed  sections,  which  are 
used  everywhere  and  are  almost  universally  adopted  except  in 
England.  After  ten  years'  experience  I  was  led  to  design  my 
normal  or  standard  sections  from  considering  the  enormous  waste 
of  time  and  money  caused  by  the  existence  of  different  sections  of 
the  same  weight,  all  intended  to  answer  the  same  purpose.  In 
1870  I  published  a  set  of  standard  sections  and  circulated  it  in 
America  and  elsewhere,  with  the  result  of  its  being  adopted  largely 
in  America,  and  in  England  for  exportation.  In  the  appendix  to 
this  paperf  I  have  the  pleasure  to  give  the  full  description  of  these 
sections,  which  were  principally  made  in  iron  but  are  now  made  in 
steel.  I  also  give  the  specification  which  I  used,  and  which  seems  to 
have  given  general  satisfaction,  inasmuch  as  none  of  these  rails  which 
have  passed  under  my  inspection,  so  far  as  I  know,  have  broken, 
although  they  have  of  course  had  a  fair  amount  of  wear  and  tear. 
The  peculiarities  are  chiefly  equal  width  of  base  and  height  of  rail 
and  a  good  fishing  angle,  so  as  to  obtain,  if  not  a  strong,  at  least  a 
stiff"  joint,  with  ordinary  fishing  plates ;  the  old  pear-shaped  forms, 
although  easier  to  roll,  cannot  be  joined  with  fish  plates  so  that 
the  bolts  do  not  work  loose.  For  this  reason  the  fishing  angle  was 
reduced  to  a  minimum  compatible  with  convenience  of  rolling,  viz., 
22  degrees.  With  the  minimum  thickness  of  flange  and  web  the 
rest  of  the  weight  is  placed  in  the  rail-head  for  wear.     A  medium 

*  Appendix  I,  Form  of  Specification, 
f  Appendix  II,  Standard  Kail  Sections. 
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section  was  obtained,  which  was  just  what  makers  could  easily  exe- 
cute and  what  railway  engineers  required  ;  and  these  are  I  think  the 
reasons  for  the  general  adoption  of  my  sections  in  the  market.  The 
prevailing  opinion  amongst  European  engineers  of  these  sections  is 
that  they  are  too  low  and  not  stiff  enough,  and  that  there  is  an  un- 
necessary amount  of  width  in  base.  They  have  no  doubt  reason  for 
this  opinion,  as  their  sections  require  more  stiffness  than  stability. 
The  weight  of  their  engines  is  not  distributed  over  so  many  wheels  as 
in  those  of  American  railways  ;  their  curves  are  not  so  sharp;  their 
roads  are  better  maintained  with  good  ballast,  and  therefore  they 
can  do  with  less  width  of  base,  but  they  want  higher  web  for  the 
same  weight  of  metal.  European  rail  sections  are  therefore  higher, 
in  proportion  to  width  of  base,  from  J^'  to  1^'.  I  am  not  now  speak- 
ing of  the  rails  constructed  for  an  iron  permanent  way, — one  with 
long  sleepers  and  cross-sleepers  of  iron  or  steel, — in  which  case  the 
height  is  double  the  width  of  base.  This  is  quite  right,  but  for  ordi- 
nary wooden  cross-sleepers  uniformity  of  stiffness  is  what  should  be 
aimed  at.  Yet,  unhappily,  with  the  ordinary  form  of  fish  we  can  only 
obtain,  even  with  the  best  fish  angle  and  strongest  bolts,  one-quarter 
or  one-third  of  the  stiffness  of  the  joint  compared  with  that  of  the 
middle  of  the  solid  rail.  It  therefore  matters  little  if  we  increase 
the  stiffness  of  the  solid  rail  by  the  increased  height,  as  it  is  already 
stiff  enough  for  any  engine  to  run  upon,  compared  with  the  weak- 
ness of  the  joints ;  and  the  result  is  generally  seen  in  flattened  rail- 
ends  and  sunken  joints  where  they  are  laid  on  supported  or  on  sus- 
pended sleepers. 

Sandberg^s  Standard  Sections  of  Steel  Rails. — With  the  use  of 
the  new  material — steel  —  rail  sections  can  be  rolled  easier  with 
thinner  flanges;  moreover,  they  are  not  apt  to  laminate  from  im- 
perfect welding,  like  the  iron.  Notwithstanding  the  general  adop- 
tion of  the  iron  sections  already  in  use,  this  new  metal  caused  a 
demand  for  improved  sections  of  steel  rails.  Although  confusion 
might  be  caused  by  the  publication  of  a  new  set  of  standard  sections, 
I  yet  found  myself  bound  to  design  such  sections.  I  published 
them  in  1878,  keeping  them  to  what  I  had  designed  and  executed 
in  large  quantities  for  government  and  private  railways.  It  would 
undoubtedly  have  been  best  theoretically  to  adhere  to  the  main 
dimensions  of  rails  and  to  the  same  forms  offish  plates,  and  only  to 
reduce  the  sections  in  flanges  and  web  as  much  as  the  facility  in 
working  the  metal  steel  compared  with  iron  would  allow.  Against 
this  plan,  however,  is  to  be  set  the  inconvenience,  from  a  commer- 
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cial  point  of  view,  of  interfering  with  the  adopted  weight.  For  in- 
stance, for  50  pounds  and  56  pounds  iron  rails  per  yard,  railmakers 
have  their  men's  wages  for  rolling  arranged  to  this  fixed  weight; 
further,  railway  engineers  calculate  the  weight  and  cost  of  rails  per 
mile  to  this  weight;  and  I  should  have  had  little  chance  of  getting 
the  new  sections  adopted,  even  for  the  construction  of  new  roads,  if 
they  had  been  reduced,  for  example,  to  47  pounds  per  yard  instead 
of  50,  and  to  53  instead  of  56.  Tlien  for  the  construction  of  new  roads 
engineers  would  say, ''  Let  us  have  the  greatest  height  (stiffness),  width 
of  base  (stability),  and  bulk  of  rail-head  (wearing  capacity)  which 
your  rolling  can  produce  for  the  given  weight  that  is  established 
commercially  amongst  the  makers  and  is  adopted  by  railway  con- 
tractors.''  This  principle  was  consequently  followed,  and  new  sections 
for  steel  were  produced  of  the  same  weight  as  the  old,  viz.,  50  and 
60  pounds,  with  greater  height  than  for  the  iron  ones,  and  with  30 
degrees  fishing  angle  for  steel,  22  degrees  having  been  found  rather 
too  difficult  in  working.  In  consequence  of  having  two  different 
Sandberg  sections  for  the  same  weight  some  confusion  has  naturally 
arisen,  and  in  order  to  clear  np  the  difficulty,  and  to  explain  matters 
fully,  the  designs  of  the  two  old  50  and  56  pounds  rails  published 
in  1870,  as  well  as  those  of  corresponding  weight  published  in  1878, 
have  been  issued  in  the  form  of  a  separate  drawing  with  explanations 
attached.  This  drawing  has  been  largely  circulated  in  America  and 
Europe.  The  rails  of  the  1878  design  have  been  supplied  with  angle 
fishing  plates,  and,  although  more  costly,  these  offer  greater  width  of 
base  and  stiffness  of  rail-joint,  and  they  are  adopted  where  localities 
and  circumstances  render  them  applicable.  Particulars  of  these  are 
also  given  in  the  drawing  in  Appendix  II.  Finally,  a  series  of  light 
sections  from  20  to  50  pounds  per  yard,  for  secondary  lines  or  rail- 
ways of  light  traffic,  were  published  some  ten  years  ago,  and  have 
been  adopted  both  in  iron  and  in  steel. 

Weight  of  Rail  and  Strength  of  Jolnt.^ — The  weight  of  rail  ought 
to  be  considered  together  with  the  section  and  with  the  stiffness  of 
rail,  and  from  the  railway  engineer's  point  of  view  the  rail-joint,  as 
being  the  weakest  part,  is  really  the  point  of  prime  importance. 
When  contractors,  for  instance,  insert  in  their  specification  for  build- 
ing a  road  that  the  rail  should  weigh  so  many  pounds  per  yard,  they 
w^ould  naturally  choose  a  lumpy  section,  impossible  to  fish  properly, 

*  See  article  by  the  author,  On  the  Strength  of  Rail-joints,  in  the  Journal  Iron 
and  Steel  Institute,  No.  II,  for  1875. 
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and  oifering  very  little  stiffness,  so  long  as  they  could  buy  it  cheaply. 
Therefore  the  stiffness  of  rail  and  rail-jointshould  be  considered  along 
with  the  weight,  and  I  have  in  my  description  of  the  Sandberg  sec- 
tions (which  may  be  found  in  Appendix  II)  tabulated  the  weight  of 
rail  with  the  stiffness  of  both  rail  and  rail-joint,  and  have  given  the 
maximum  safe  load  of  each  engine  wheel.  For  example,  the  50-pound 
rail  would  carry  11  tons  on  3  feet  bearings  without  permanent  set,  the 
rail-joint  would  carry  7.3  tons,  and  the  maximum  load  of  each 
W'heel  would  be  5J  tons,  and  the  maximum  weight  of  the  ordinary 
goods  engine  to  suit  this  rail  would  be  27 J  tons.  I  fully  admit 
that  this  rule  might  not  always  be  applicable,  varying  as  it  would 
with  local  and  other  circumstances,  but  it  is  a  simple  and  practical 
means  of  making  sure  that  the  rail  is  not  overloaded,  and  more  par- 
ticularly the  rail-joint,  for  I  have  often  found  that  the  latter  is  the 
case  in  ordinary  practice.  On  the  continent  of  Europe,  for  instance, 
a  66-pound  rail  would  generally  carry  16  tons  in  the  middle  of  the 
rail  on  3  feet  bearings,  but  the  suspended  joints  might  not  carry 
more  than  4  tons,  and  the  engine  on  its  driving-wheel  is  often  loaded 
to  5  or  6  tons  ;  thus  it  would  actually  make  the  joint  sink  and  take 
a  permanent  set  every  time  it  passed  over  the  rail,  and  would  result 
in  breaking  the  fish  plates  and  flattening  the  rail-ends,  making  a  bad 
permanent  way.  Professor  Rankine's  rule  is  very  much  more  waste- 
ful of  material  than  the  sections  which  I  have  designed,  and  as  it  was 
devised  a  long  while  ago  it  is  quite  time  that  rolling-stock  en- 
gineers should  confer  with  permanent-way  engineers  in  order  to  lay 
down  a  rule  for  constructing  rail  sections,  not  considering  weight 
so  much  as  carrying  capacity — a  point  which  is,  I  believe,  very 
often  neglected,  or  at  •  least  not  considered  in  proportion  to  its  im- 
portance. 

Length  of  Rails. — It  follows  that  the  longer  the  rail  the  more  saving 
there  is  in  fastenings,  and  the  better  tlieroad  ;  but  there  is  a  limit  be- 
yond which  it  is  not  practicable  to  go,  not  so  much  from  the  point  of 
manufacture,  as  rails  are  now  rolled  in  two  or  three  lengths,  but  for 
sake  of  the  easier  handling  and  transport,  both  by  land  and  by  sea. 
The  long  rails  require  separate  wagons  for  overland  transit;  this 
should  be  taken  into  consideration,  and  the  normal  length  not  fixed 
beyond  the  practical  limit.  Now  American  engineers  have  gone  to 
the  extreme,  and  have  chosen  30  feet  as  their  normal  length  ;  in 
fact  they  are  not  stopping  there,  and  it  is  naturally  required  that 
the  imported  rails  should  be  of  the  same  length  as  those  made  at 
home.     Not  that  English  makers  cannot  roll  them  equally  long  as 
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Americans,  but  the  cost  of  transport  across  the  Atlantic  increases 
with  the  length  of  the  rail,  as  the  vessels  must  be  large  in  order  to 
accommodate  the  greater  lengths.  Besides  this,  the  longer  the  rail 
is  the  more  likely  it  is  to  get  crooked,  especially  on  board  ship ;  and 
on  the  road  itself  the  plate-layers  require  some  consideration,  as  they 
have  quite  enough  to  do  to  handle  a  rail  of  30-foot  length,  especially 
if  it  is  of  good  weight,  say  56  pounds  and  upwards.  I  would,  for  my 
part,  not  go  beyond  30  feet,  and  allow  10  per  cent,  of  short  lengths 
in  even  feet  down  to  20,  and  I  would  permit  a  variation  in  length 
of  i'^  above  and  below  the  regular  measure.  Considering  that  the 
rail  cut  off  hot  at  the  rolling  contracts  about  5^'  more  or  less,  ac- 
cording to  its  temperature  when  cut,  J''  is  not  too  much  to  allow, 
if  w^e  wish  to  avoid  grinding  it  cold  to  the  exact  length.  If  the 
punch  holes  permit  an  opening  of  the  joint  of  J^^  there  would  be  no 
reason  whatever  for  not  allowing  ^'^  in  the  normal  length,  even 
when  rails  were  renewed  on  the  track  one  by  one.  On  the  conti- 
nent of  Europe  engineers  are  very  strict  with  the  length,  and  do 
not  allow  more  than  a  millimeter  or  two  of  variation,  so  that  rail- 
makers  have  been  obliged  to  make  arrangements  for  grinding  all 
rails,  as  they  could  not  cut  them  near  enough.  This  is  becoming  a 
great  hindrance,  especially  where  production  is  large  and  space  lim- 
ited ;  if  we  suppose  an  output  of  2000  tons  a  week,  which  means 
10,000  rails  to  be  ground,  a  dozen  grinding  machines  must  be  at 
work.  The  required 'space  and  the  cost  of  working  will  naturally 
increase  the  cost  of  rail  production,  say  several  shillings  per  ton, 
which,  of  course,  the  railway  companies  would  have  to  pay,  without 
deriving  any  corresponding  advantage  from  an  improved  track  ;  for 
the  grinding  really  does  the  rail  more  harm  than  good  in  point  of 
durability.  Such  nicety  in  length  as  a  millimeter  is  really  not  needed 
in  practice,  if  the  rail-joint  be  constructed  so  as  to  allow  half  an  inch 
opening  for  expansion  and  contraction.  What  is  of  greater  impor- 
tance is  to  establish  standard  measures,  so  that  all  the  rails  for  the 
same  road,  even  if  made  at  different  works,  would  be  cut  to  the  same 
standard  length,  and  this  could  easily  be  done  by  the  inspectors 
using  the  same  steel  rod  or  Crown  yard  measure  to  correct  the  length 
to  which  the  rails  have  to  be  cut  before  rolling  commences.  If  this 
be  neglected  the  30-foct  length  made  in  one  place  may  vary  -J''  and 
more  from  those  made  in  another  works,  although  makers  may  each 
have  used  their  own  standard  measure. 

Dn'IUng,  Punching,  and  Notching. — The  bolt  holes  in  rail-ends 
should  be  drilled  in  steel  and  punched  in  iron  rails.     The  punching 
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and  notchinc:  of  the  steel  rails  was  at  first  done  in  the  same  wav  as 

CD  ^ 

for  iron  i-ails,  but  as  the  material,  when  originally  introduced,  was 
rather  hard  it  caused  breakage  through  the  bolt  holes  of  a  good  many 
rails;  and  I  believe  I  am  right  in  saying  that  nothing  checked  tlie 
introduction  of  steel  rails  so  much  as  the  failure  of  that  material 
through  treating  it  in  the  same  rough  mechanical  way  as  that  to 
which  iron  was  submitted.  Iron,  as  a  metal  made  from  puddled 
material,  can  stand  a  rough  mechanical  treatment  which  the  ingot 
metal  will  not  bear;  and  through  neglecting  to  give  attention  to  this 
peculiar  feature  of  the  new  metal  its  introduction  was  greatly  retarded, 
notwithstanding  the  excellent  weariiig  results  it  gave  as  compared 
with  iron.  I  found  this  of  such  great  importance  that  I  carried  out 
a  large  number  of  comparative  tests  and  experiments  upon  the  loss 
in  strength  which  iron  and  steel  rails^  suffer  in  different  countries 
through  punching  and  notching,  and  I  described  the  results  in  a 
pamphlet  published  in  1873.^  It  was  shown  by  this  investigation 
that  for  punching  there  must  be  longer  fish  plates  and  a  greater  dis- 
tance between  the  end  holes  and  rails,  leaving  solid  material  of  say 
about  2'^  at  least,  which  would  mean  lono;er  centres  and  lontrer  fish 
plates.  To  drill  the  bolt  holes,  of  course,  is  the  safest  plan,  particu- 
larly if  the  web  is  thick  and  the  steel  is  hard.  On  the  Continent 
engineers  keep  to  drilling  exclusively,  and  makers  are  prepared  to 
drill  both  round  and  oval  holes  without  extra  charge.  Formerly 
this  was  a  great  objection  amongst  the  English  railmakers,  l)ut  I  am 
pleased  to  say  that  most  of  them  are  now  willing  to  drill  the  holes, 
and  the  extra  charge  made  is  little  or  nothing.  Nevertheless,  if  it  is 
not  specified,  they  prefer  the  punching. 

In  America  the  longer  fish  plates  are  preferred,  and  this  may  be 
correct ;  but  my  theory  is  that  it  is  not  the  length  of  the  fish  wdiich 
makes  the  stiffness  of  the  joint,  and  it  would  be  a  waste  of 
metal  to  extend  it  lengthways.  If  applied  in  the  vertical  direction 
stiffness  is  obtained  in  proportion  to  the  square  of  the  height.  The 
form  of  the  holes  punched  in  the  fish  ])late  must  be  guided  by  the 
neck  of  the  bolt,  which  should  have  just  so  much  play  as  not  to 
shift  round  when  screwed  up.  Although  I  have  adopted  a  square- 
necked  bolt,  and  corresponding  holes  in  the  fish  plate,  I  must  admit 
that  the  oval  or  elongated  holes,  with  corresponding  neck  in  the  i)()lt, 
lately  introduced  are  preferable,  simply  because  they  do  not  w'eaken 
the  fish  plate  so  much  as  the  square  hole.     Anyhow  the  standard 

*  Appendix  111,  Effect  of  Notching. 
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bolt  for  each  road  should  be  kept  so  as  to  preserve  a  uniform  plant, 
and  to  avoid  the  necessity  of  two  sets  of  bolts  and  fish  plates  for 
the  same  railway.  The  fish  plate  should  be  punched  hot  and 
pressed. 

The  notch  in  the  iron  rail  was  formerly  made  in  the  middle  of 
the  rail,  which  was  then  thought  desirable  for  preventing  the  road 
from  travelling.  As  long  as  iron  rails  only  were  used,  the  plan 
worked  with  perfect  success,  for  iron  stands  the  rough  treatment  of 
notching  in  flanges  in  the  middle  of  the  rail  without  very  great  loss 
of  strength,  as  is  seen  from  the  results  of  experiments  above-men- 
tioned (Appendix  III).  Quite  different,  however,  was  the  result 
when  steel  was  treated  in  a  similar  manner;  it  was  then  found  that 
the  notch  placed  in  the  middle  took  away  almost  the  entire  strength 
of  the  rails,  so  that  they  sometimes  broke  even  in  handling  or  in  fall- 
ing from  a  truck,  and  if  they  reached  the  road  whole  there  were  not 
many  which  did  not  break  at  an  early  period  after  being  laid.  This, 
as  we  have  seen,  retarded  the  introduction  of  steel  rails,  and  it  pro- 
ceeded not  from  any  fault  in  the  material,  but  from  ignorance  of  its 
proper  treatment.  The  notch  in  the  middle  was  consequently  aban- 
doned and  moved  to  the  ends  ;  this  materially  improved  matters,  and 
nowhere  now  are  any  steel  rails  made  notched  in  the  middle.* 
There  are  two  w^ays  now  adopted  to  prevent  the  road  from  creeping. 
Engineers'  opinions  differ  very  much  as  to  the  liability  of  a  road  to 
travel,  for  while  some  find  that  the  rails,  even  in  mountainous 
countries,  as  Norway,  with  gradients  of  one  in  a  hundred,  do  not  re- 
quire any  notching,  others  in  a  flat  country,  like  Holland,  have  com- 
plained that  the  whole  road  was  travelling  in  the  direction  of  Rotter- 
dam, and  they  weakened  their  rails  by  seven  notches,  one  for  every 
sleeper.  However,  we  may  admit  that  for  single  roads  there  is  no 
actual  danger  of  creeping,  but  for  double  roads  it  is  necessary  to  pre- 
vent it,  so  that  notching  of  both  iron  and  steel  rails  must  there  be 
regarded  as  imperative.  I  would  suggest  its  being  done  in  two  ways, 
depending  upon  whether  the  road  is  laid  with  supported  or  with  sus- 
pended rail-joints;  in  the  former  case  corner  notches  are  quite  suffi- 

*  Exceptions  ma}',  however,  occur,  and  it  so  happened  that  in  April  hist  I 
was  at  the  Horde  Worlds,  in  Germany,  inspecting  some  steel  rails  for  America 
which  had  a  notch  in  the  middle.  At  the  same  time  Mr,  Alexander  L.  Holley 
was  there  studying  the  Thomas-Gilchrist  process.  Rails  were  made  b}'^  this  pro- 
cess, and  their  strength  compared  by  the  falling  test.  They  were  found  as  strong 
as  those  of  Bessemer  steel,  but  the  weakening  effect  of  the  notch  was  equally  evi- 
dent in  both  metals. 
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cieiit,  and  have  no  weakening  effect,  but  in  the  latter  angle  fish  plates 
must  be  used,  these — and  not  the  rails — to  be  notched  or  slotted 
with  spike  holes  in  the  2-joint  sleepers.  (See  Appendix  III.)  Iron 
rails,  however,  might  be  notched  both  at  the  corners  and  at  10'^  on 
one  side  and  12''  on  the  other  side;  they  would  then  suit  for  either 
laying  on  supported  or  for  suspended  rail-joints.  As  to  which  of 
these  is  preferable,  a  great  difference  of  opinion  exists  amongst  en- 
gineers. For  my  own  part  I  prefer  the  su[)ported.  The  size  of  the 
notches  in  steel  rails  for  a  J''  spike  may  be  taken  as  f  and  the  depth 
as  J'',  and  the  corner  either  left  or  right,  as  long  as  they  always  keep 
to  the  same,  and  at  the  reverse  corner  of  both  rail-ends ;  but  the 
notch  J"  long  by  J''  deep  might  be  of  slightly  rounded  corners,  as 
the  sharper  it  is  the  more  it  weakens  the  rail. 

Marking. — The  rail  should  be  marked  with  the  maker's  name  and 
the  year  of  manufacture,  and  also  with  the  word  steel  to  distinguish 
it  from  iron.  All  these  marks  should  be  rolled  on  the  web  of  the 
rail  in  plain  letters.  The  particulars  are  of  great  value  and  of  com- 
paratively no  cost.  Besides  these,  the  inspector's  stamp  on  the  end 
of  each  rail  after  approval  is  of  great  importance.  I  have  my  well- 
known  mark,  a  crown,  hammered  into  each  rail-end,  and  also  the 
initials  of  my  assistant,  who  passes  the  rails,  so  as  to  be  able  to  refer 
to  each  man's  work  and  to  make  observations  of  results  subsequently. 
The  railway  company  or  employer  in  each  case  receives  a  copy  of  the 
inspector's  book,  and  I  retain  the  original  in  my  possession,  along 
with  all  the  documents  relative  to  the  execution  and  inspection  of 
the  order. 

Mode. of  Manufacture. — For  iron  rails  there  was  a  great  inclina- 
tion at  one  time  to  introduce  stipulations  in  the  specifications  that 
would,  under  all  circumstances,  secure  a  good  rail ;  but,  although 
the  stipulations  increased  in  severity  year  by  year,  the  quality  of  the 
iron  rails  gradually  became  worse.  The  result  was  that,  where  traffic 
was  large  and  the  endurance  of  rail  of  corresponding  importance, 
steel  was  adopted.  At  least  there  was  no  certainty  of  obtaining  an 
excellent  quality  of  iron  rails  through  merely  specifying  the  most 
severe  terms  for  their  manufacture.  In  former  days  they  were  made 
of  a  superior  quality  of  iron,  which  was  capable  of  perfect  welding, 
and  naturally  the  results  from  the  use  of  these  were  very  satisfac- 
tory. But  these  rails  cost  twice  as  much  as  steel  rails  do  now,  and 
it  is  not  to  be  expected  that  makers  should  now  ruin  themselves 
in  supplying  an  extra  quality  of  iron  for  an  ordinary-priced  article. 
Yet  it  was  singular  to  watch  the  struggle  between  the  producer  and 
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the  consumer  to  secure  it.  There  were  cases  where  an  extra  price  was 
actually  paid  for  the  superior  quality  of  iron  desired,  but  with  no  im- 
proved result.  It  was  thought  that  the  use  of  cinder  pig,  made  from 
puddled  cinder  containing  a  large  proportion  of  sulphur  and  phos- 
phorus, could  not  produce  a  good  pig  iron  ;  nor  could  it  afterwards 
give  a  puddled  bar  which  would  weld  together  in  the  rail  pile. 
Kaihvay  engineers  thought  they  would  overcome  this  by  stipulating 
for  the  use  of  only  mine  iron  and  no  cinder  pig.  Unfortunately, 
however,  there  is  as  much  difference  in  mine  iron  as  between  cinder 
and  good  pig,  and  two  large  districts  in  England,  namely,  !N^orth- 
hamjton  and  Cleveland,  yield  ore  which  contains  as  much  phos- 
phorus as,  and  even  more  than,  the  cinder  pig.  The  pig  iron  con- 
sequentl}'  made  from  the  pure  mine,  as  it  was  called,  produced 
equally  bad  iron,  as  unfit  for  welding  in  the  rail  pile  as  the  other. 
The  result  was,  that  although  an  extra  price  was  paid  for  mine 
iron  rails  they  were  no  better  than  those  obtained  from  the  cinder 
pig.  In  fact,  iron  rails  are  not  made  nowadays  of  the  same  quality 
as  they  were  thirty  years  ago,  because  there  is  no  demand  for  the 
superior  quality  of  iron  rails  since  the  introduction  of  steel.  The 
latter  will  outlast  by  many  times  the  iron  rails  in  wear,  and  as  for 
comparative  merits,  since  the  price  is  now  not  much  more  than  that 
of  the  iron,  or  say  but  10  per  cent,  higher,  there  is  no  question  that 
steel  in  all  instances  has  the  preference.  I  would  rather  have  steel 
rails  of  20  per  cent,  less  weight  than  iron.  I  should  then  gain  10 
per  cent,  in  the  outlay,  and  I  should  surely  get  several  times  the 
amount  of  wear  out  of  them.  This,  to  my  mind,  shows  a  great 
mistake  on  the  part  of  Americans  in  still  importing  iron  rails,  which 
is  done  at  present  in  consequence  of  the  difference  in  duty,  this  being 
almost  double  in  the  case  of  steel.  During  the  construction  of  rail- 
ways in  Sweden  iron  rails  were  chiefly  used,  with  the  result  of  say  fif- 
teen to  twenty  years'  life,  but  since  steel  became  so  cheap,  and  traffic 
increased,  the  renewals  have  all  been  made  in  steel  rails.  The  mode 
of  manufacture  of  both  the  iron  and  steel  rails,  as  adopted  in  my 
specification,  I  believe  is  the  simplest  and  most  practical  one,  and  is 
perfectly  safe  in  the  hands  of  any  experienced  inspector. 

I  could,  however,  fill  a  whole  book  with  Continental  specifications, 
many  of  which  would  much  amuse  both  engineers  and  railmakers. 
I  would  do  so  if  I  thought  them  of  any  use,  but  my  principle  has 
alwaN's  been  to  let  the  maker,  to  a  great  extent,  choose  his  own 
method  of  manufacture,  so  long  as  he  allows  the  inspector  to  see  that 
the  rails  made  are,  first  of  all,  safe  and  sound,  then  correct  in  every 
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exterior  part,  to  insure  their  being  easily  laid,  thus  giving  a  good  and 
straight  road  likely  to  endure  any  reasonable  amount  of  wear  and 
tear  that  may  be  required.  As  for  guarantee,  I  believe  it  to  be  use- 
ful where  the  railway  is  in  constant  communication  with  the  maker, 
so  as  to  allow  of  the  rails  being  watched  from  time  to  time,  to  see  if 
they  are  fairly  treated  ;  but  where  the  manufacturer  is  distant  from 
the  railway  Avhich  consumes  his  article,  I  think  it  best  for  the  rail- 
way engineer  to  look  after  his  interests  by  good  inspection,  and  to 
make  sure  that  he  has  got  what  his  specification  demands  before  the 
rail  is  paid  for. 

Part  II. 

THE   INSPECTION   OF    RAILS. 

It  is  beyond  doubt  that  the  inspection  of  rails  is  a  matter  of  great 
importance.  Whether  it  is  necessary  or  not  was  at  one  time  a  de- 
bated question,  but  it  has  long  ago  been  decided  in  the  affirmative. 
In  fact,  in  Europe  almost  all  rails  are  inspected,  partly  with  a  view 
to  economical  advantage  to  the  railway,  but  principally  with  the  in- 
tention of  securing  safety  to  the  travelling  })ul>lic.  In  these  times, 
when  the  material  used  and  the  mode  of  manufacture  are  so  essen- 
tially altered  from  what  they  were  a  few  years  ago,  it  behooves  the 
railway  companies  to  do  all  they  possibly  can  to  insure  public  safety 
as  well  as  to  promote  economy;  and  I  believe  I  am  right  in  saying 
that  these  objects  may  be  attained  by  the  aid  of  competent  supervi- 
sion of  the  manufacture,  so  that  it  may  be  seen  that  the  requirements 
of  the  specification  are  faithfully  executed.  On  the  other  hand,  an 
inefficient  inspection  is  worse  than  none  at  all,  because  the  fact  of 
there  being  an  inspection  relieves  makers  from  a  responsibility  which 
might  otherwise  be  felt.  Then  the  question  arises.  What  is  a  good  in- 
spection ?  And  the  reply  is :  A  competent,  independent,  and  strict 
supervision  of  the  daily  make,  testing  the  quality  as  well  as  passing  the 
rails,  and  finally  stamping  and  approving  by  certificate  before  the 
rail  leaves  the  works,  and  is  paid  for.  Unfortunately  the  requisite 
experience  is  not  so  easily  obtained  as  railway  presidents  are  apt  to 
believe — a  fact  which  is  shown  by  their  sometimes  sending  as  in- 
spectors such  men  as  a  draughtsman,  or  a  captain  of  the  army,  who 
may  never  have  seen  iron  manuflictured  or  rails  rolled,  and  who  has  to 
learn  his  business  at  the  expense  of  the  maker  and  his  employers.  As 
a  necessary  consequence  the  object  in  view  is  not  obtained.  An 
inspector  should  be  as  much  at  home  in  the  rail  manufactory  as  the 
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maker  Iiimself,  from  the  beginning  to  the  end  of  the  processes;  and 
liaving  the  necessary  moral  power  inspired  by  his  knowledge,  he 
should  cause  no  unnecessary  expense  w^ith  his  tests,  but  by  adherence 
to  the  stipulations  of  the  specification,  secure  a  good  rail  of  correct 
exterior  and  of  sound  inherent  qualities.  If  the  inspector  has  not 
been  brought  up  in  the  iron  manufacture  with  the  necessary  metal- 
lurgical and  chemical  knowledge,  makers  are  only  too  prone  to  take 
advantage  of  his  ignorance.  This  was  more  frequently  the  case  in 
earlier  days,  when  special  delight  was  taken  in  dcv^eiving  the  inspec- 
tors, particularly  by  the  gaffers  and  workmen.  I  could  give  many 
instances  from  my  twenty  years'  experience,  amusing  enough,  illustra- 
tive of  this.  I  am  glad  to  say  that  now,  at  any  rate,  with  my  staff  of 
inspectors,  who  are  well  known  in  all  the  European  railmaking  dis- 
tricts, such  practices  are  seldom  or  never  attempted.  A  maker  natu- 
rally regards  a  stranger  who  comes  to  inspect  one  order  only  very 
differently  from  one  whom  he  has  seen  more  or  less  frequently,  and 
whom  he  may  soon  have  to  meet  again.  It  is  certainly  more  easy  to 
work  under  a  constant  system  of  inspection  employed  by  a  regular 
inspector,  however  strict  it  may  be,  than  to  submit  to  the  changes 
demanded  by  different  inspectors.  Inasmuch  as  the  mode  of 
manufacture  differs  in  each  district,  no  general  specification  when 
laid  out  in  great  detail  can  be  applicable  in  all  of  them.  The  dif- 
ferences in  ore,  in  material,  and  in  local  circumstances,  as  w-ell  as 
in  the  machinery  employed,  make  such  detailed  specifications  impos- 
sible to  be  followed  ;  and  it  is  with  this  difficulty  in  view  that  I  have 
limited  my  own  specification  to  general  terms  in  prescribing  the  mode 
of  manufacture.  If  the  specification  were  detailed,  railway  companies 
would  not  obtain  any  competition,  but  would  have  tenders  from  only 
a  few  works  wdiich  would  be  able  to  fulfil  the  conditions  of  the  speci- 
fication sent  out.  Unfortunately  we  have  not  found  a  method  to 
test  every  rail  for  quality,  and  until  we  do  this  inspections  can 
only  be  partial.  A.  suggestion  was  made  some  years  ago  to  apply  a 
registered  manometer  to  the  punching  machine,  and  thus  to  measure 
the  hardness  of  the  steel ;  but  the  idea  was  stillborn,  leaving  us 
as  before  to  the  necessity  of  testing  single  bars.  All  that  the  in- 
spector can  do  is  to  try  to  ascertain  whether  the  bulk  of  the  rails  be 
quite  equal  to  the  samples  tested. 

However,  as  the  quality  of  material  may  vary  considerably,  seeing 
that  it  depends  on  so  many  causes,  it  follows  clearly  that  inspec- 
tion is  no  absolute  guarantee  for  obtaining  safety  and  economy  in 
each  rail.     All  we  may  reasonably  expect  is  that  the  general  results 
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of  good  inspection  should  amply  repay  the  small  outlay  incurred  for 
it;  and  the  railway  company  has  a  certain  satisfaction  in  heiiiirable 
to  show  to  the  shareholders  as  well  as  to  the  general  public  that  all 
the  practicable  means  at  its  disposal  for  securing  a  good  article 
have  been  employed.  No  one,  however,  can  go  so  far  as  to  hold 
the  inspector  legally  responsible  for  any  accident  through  broken 
rails,  or  failure  of  any  other  part  of  the  work  he  has  inspected,  as  he 
can  only  certify  that  the  specification  has  been  carried  out,  and  that 
he  has  done  his  best  to  secure  a  sound  and  reliable  article.  In  order 
to  put  the  inspector  on  an  independent  footing,  not  only  with  the 
makers,  but  also  with  the  agents  or  all  intermediaries,  his  work  should 
be  paid  by  the  railway  authorities  direct,  and  by  no  one  else ;  and 
he  should  also  have  to  send  his  reports  and  certificates  direct  to 
them.  The  inspection,  whether  mechanical  or  chemical,  should  be 
carried  out  at  the  works,  and  should  be  final.  Makers  have  a  right  to 
demand  this,  and  railway  companies  will  have  toobtain  efficient  inspec- 
tors by  employing  professional  men,  if  they  have  none  already  in  their 
service.  To  approve  of  the  rails  provisionally  at  the  works,  and  to 
repeat  the  tests  and  inspection  on  the  arrival  of  the  rails  at  their  des- 
tination, and  then  if  the  two  do  not  agree  to  reject  the  rails,  is  cer- 
tainly unfair;  but,  nevertheless,  I  am  sorry  to  say  that  this  is  done 
by  the  stipulations  made  in  some  parts  of  Europe,  notably  in  Ger- 
many and  Russia.  Rails  tested  in  England  for  Russia  during  a 
mild  season  do  not  give  the  same  results  when  exposed  to  similar 
tests  in  Russia  under  a  low  temperature  ;  and  loss  to  the  maker  or 
contractor  follows,  which  is  obviously  unfair.  This  may  have  led 
to  the  stipulation  in  one  of  the  German  rail  specifications,  which 
caused  much  amusement  in  England  a  year  ago,  namely,  that  the 
rails  should  only  be  manufactured  in  the  summer.  Other  German 
specifications  stipulate  that  sample  pieces  from  each  blow  in  the  con- 
verter should  be  taken  and  forwarded  to  the  railway  authorities,  who 
would  test  them  for  tensile  strength,  and  reject  the  rails  made  from 
that  blow  if  the  sample  should  not  come  up  to  the  required  strength 
and  contraction  of  area.  Meanwhile  the  rails  would  have  been  made, 
provisionally  approved  of  by  the  inspector,  and  sent  away.  The 
maker  would  be  left  in  an  awkward  position  with  a  large  production, 
say  of  2000  tons  per  week,  if  he  had  to  stock  his  ingots,  waiting  for 
the  results  of  the  samples  tested  by  the  railway  authorities.  It  seems 
now  that  the  specification  for  rails,  since  the  introduction  of  the  use  of 
steel,  is  becoming  almost  overdone — in  America  chemically,  with 
the  stipulation  of  only  one  certain  chemical  composition  in  the  rails; 
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and  in  Germany  physically,  in  laying  too  raucli  stress  on  contrac- 
tion of  area  in  fracturing  sami)les  to  test  tensile  strength.  For  my 
part  I  do  not  hesitate  to  express  my  opinion  that  both  systems  are 
unpractical,  as  being  not  only  costly  but  almost  impossible  to  fulfil ; 
nor  even  if  carried  out  would  they  be  in  the  end  of  any  real  use.  It  is 
true  that  the  quality  of  iron  rails  deteriorated  year  after  year,  and  it 
is  no  doubt  through  the  fear  that  steel  rails  will  also  degenerate  that 
these  means  have  been  resorted  to.  When  the  Bessemer  process  first 
was  used  for  the  manufacture  of  steel  rails,  only  the  very  best  and 
purest  raw  material  could  be  used,  such  as  contained  neither  sulphur 
nor  phosphorus;  but  since  then  almost  all  sorts  go  into  the  pot  and 
even  phosphor-steel  is  now  used  for  rails.  But  so  far  there  is  no 
proof  of  deterioration  of  the  quality,  although  steel  rails  can  now  be 
got  for  one-third  of  the  former  price.  It  is  natural,  therefore,  that 
a  nervous  feeling  should  seize  the  railway  world  to  keep  up  the 
quality  by  specifying  most  stringent  tests,  both  mechanical,  physical, 
and  chemical.  I  fear  that  after  all  they  will  be  of  little  use.  I  have 
executed  all  three  tests  at  great  inconvenience,  labor,  and  cost,  and  I 
have  come  to  the  conclusion  that  the  simple  falling  test  is  all  that  is 
necessary,  and  it  is  in  every  respect  sufficient.  It  is  readily  made  at 
the  works  as  soon  as  the  rails  are  cold,  and  if  it  follows  u})  the  make 
of  rails,  it  is  a  self-controlling  agency  which  prevents  the  rejection  of 
large  quantities,  as  it  tends  to  stop  the  manufacture  of  inferior  steel. 
I  shall,  therefore,  take  the  liberty  of  stating  my  mode  of  inspection  as 
followed  by  my  staif  of  inspectors, — a  method  which  has  given  en- 
tire satisfaction  both  to  producers  and  consumers.  The  inspection 
should  closely  follow  the  make,  so  that  should  anything  objection- 
able arise  the  maker  may  be  caused  to  remedy  it  at  once,  rather 
than  to  produce  any  large  quantity  of  rails  which  would  be  rejected 
either  because  they  do  not  come  up  to  the  test  or  for  other  faults. 

Sandberg^s  System  of  Inspection. — My  plan  is  as  follows:  The 
specification  for  either  iron  or  steel  rails  is  put  into  an  inspection 
book,  which  my  assistant  has  to  keep  as  a  record  of  the  daily  w^ork, 
both  as  regards  rejected  and  accepted  rails.* 

The  specification  is  inserted  in  the  inspection  book,  which  the 
inspector  strictly  follows.  Before  the  rolling  commences  the  tem- 
plate is  approved,  the  length  to  which  the  rails  should  be  cut 
measured  exactly  with  my  standard  steel  rule,  and  gauges  are 
checked    and   stamped,    such    as    the   female   guage  for    sections, 

*  Appendix  IV,  Inspection  Book. 
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others  for  pnnohing  or  drilling  the  bolt  holes  in  the  rail-ends 
and  for  the  notch  holes  in  the  flanges.  As  soon  as  the  first  bars 
come  out  they  are  weighed,  and  as  the  specification  generally 
stipulates  that  they  should  be  rolled  to  a  certain  weight,  ten  bars 
are  weighed  to  see  what  the  weight  according  to  the  section  actnallv 
is;  and  then  the  rolls  are  screwed  up  or  down  to  give  the  required 
weight,  which  will  have  to  be  observed,  with  the  usual  allowance  of 
2  per  cent,  on  single  rails  and  1  per  cent,  on  the  whole  order.  Crop- 
ends  are,  as  soon  as  they  get  cold,  immediately  tested  with  the  falling 
weight,  and  if  not  strong  enough  the  material  is  altered  so  as  to 
sustain  the  test  properly.  The  control  of  the  manufacture  chiefly 
implies  the  approval  of  a  correct  section  in  rolling,  particularly  as 
to  the  perfect  fit  of  the  fish  plates.  The  inspection  of  the  rails  com- 
mences, as  soon  as  there  are  any  ready,  straightened,  punched,  or 
drilled,  first  by  measuring  the  length,  then  by  determining  whether 
they  are  straight,  afterwards  by  examining  the  exterior  correctness, 
the  clean  surface,  the  freedom  from  cracks,  or  other  imperfections; 
next  by  measuring  the  bolt  holes  and  notches  by  the  gauges ;  and 
finally  by  stamping  (with  the  crown  and  assistant's  initials)  in  the 
end  of  the  rail.  Afterwards  comes  the  reckoning  by  number  of  the 
different  lengths,  and  entering  the  accepted  rails  at  the  right  hand 
side  of  the  inspection  book.  All  the  rejected  rails  are  entered  on 
the  other  side,  in  the  columns  arranged  for  them  (for  bad  ends,  being 
too  long,  too  short,  crooked,  twisted,  or  badly  punched,  and  those 
rejected  for  exterior  faults,  cracks,  etc.).  The  rails  so  rejected,  with 
the  exception  of  the  radically  bad  ones,  are  taken  out  to  be  altered 
and  may  then  come  again  before  the  inspector.  After  each  day's 
work  an  inspection  report*  is  sent  to  the  head  office,  and  for  every 
1000  tons  inspected  the  inspection  book  is  also  sent;  this  is  copied 
at  the  head  office  and  the  copy  is  handed  to  the  railway  company  or 
other  employers,  so  as  to  acquaint  them  with  the  system  and  progress 
of  the  inspection  as  well  as  with  the  results  obtained  in  each  indi- 
vidual order.  The  original  book,  as  well  as  all  daily  reports  and 
all  documents  belonging  to  the  order,  are  kept  together  at  the  office. 
Weekly  and  sometimes  daily  reports  are  issued  from  the  head  office 
to  the  employers,  to  inform  them  of  the  progress  of  the  manufacture 
and  inspection,  and  when  the  rails  are  shipped  a  certificate  of  inspec- 
tionf  is  issued  against  the  copy  of  the  bill  of  lading.  No  duplicate  cer- 

*  Appendix  V,  Eail  Inspection  Koport. 
f  Appendix  VI,  Inspector's  Certificate. 
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tificates  are  ever  issued.  When  the  order  is  complete  the  results  of  the 
iiispcctioii  as  to  rejection,  etc.,  are  entered  in  a  book  at  the  head  office  ; 
and  at  the  end  of  the  year  all  the  orders  are  tabulated  and  conclu- 
sions drawn  from  comparison  of  results.  By  the  aid  of  this  I  am  able 
to  form  my  opinion  for  consultations,  on  the  merit  and  value  of  each 
maker's  production,  and  as  this  opinion  is  based  on  actual  work  in- 
spected on  the  same  system  it  ought  to  be  thoroughly  trustworthy. 
From  time  to  time  I  personally  visit  the  rail-making  districts  for 
the  purpose  of  inspecting  the  work,  especially  when  starting  new 
orders  and  whenever  any  difficulty  arises  or  any  diffierence  has  to  be 
settled.  By  the  inspection  carried  out  in  this  way  security  is  given 
to  the  purchaser  (so  flir  as  security  can  be  obtained)  that  the  specifi- 
cation has  been  followed.  To  the  maker  it  is  also  an  assistance  rather 
than  a  burden  or  hindrance,  for  it  aids  him  in  the  supervision  and 
control  of  his  daily  manufacture.  It  avoids  the  loss  in  the  rejection 
of  large  quantities,  perhaps  hundreds  or  even  thousands  of  tons, 
as  the  system  of  inspection  discovers  the  defect  immediately.  I 
think  if  the  makers  had  the  option  of  choosing  between  inspection 
during  or  after  manufacture,  they  would  surely  prefer  the  former 
plan.  I  am  pleased  to  say  that  I  have  but  seldom  been  obliged  to 
reject  any  large  quantities,  but  I  have  often  been  obliged  to  ask  the 
makers  to  alter  the  quality  of  the  steel  when  that  which  was  being 
used  did  not  come  up  to  the  specified  standard,  and  they  have  always 
been  willing  to  make  the  change  rather  than  run  the  risk  of  turning 
out  rails  of  doubtful  quality. 

Tests  for  Iron  and  Steel  Rails. — As  for  the  tests  applied,  I  have 
three  in  my  specifications  for  iron  and  steel  rails,  namely,  one  for 
stiffness  and  dead-load ;  the  second  for  quality  and  for  wearing 
capacity;  and  the  third,  falling-tests  for  safety  against  breakage. 
Now  the  description  of  my  standard  section  will  show  that  I  have 
laid  down  a  rule  to  apply  these  tests  according  to  the  weight  of  the 
rail.  For  iron  rails  the  weight  of  ball  in  hundredweights  must 
be  multiplied  by  the  height  of  fall  in  feet  to  equal  the  weight  of  rail 
in  pounds  per  yard.  For  instance,  for  an  iron  rail  56  pounds  per 
yard,  I  prescribe  a  7-hundred\veight  ball  falling  8  feet  on  the  rail 
supported  on  bearings  3  feet  apart.  I  have  always  found  this  test 
sufficient,  even  for  countries  with  cold  climates,  such  as  Scandinavia, 
Canada,  and  Ilussia.  The  effect  of  the  blow  should  be  a  deflection 
off^'  to  V\  and  if  that  is  not  the  result  there  must  be  some  funda- 
mental fault.     The  fall  must  then  be  increased  so  as  to  give  the  de- 


RAIL   SPECIFICATIONS   AND    RAIL    INSPECTION    IN    EUROPE.     209 

flection  in  one  blow.  For  safety  tests  it  is  of  great  importance  to 
ascertain  that  all  rails  are  equal  in  strength,  and  as  it  would  be  unnec- 
essary waste  to  try  good  rails  my  practice  has  generally  been  to 
test  every  morning  three  crop-ends  from  the  day  and  three  from  the 
night  turn,  and  if  these  crop-ends  stand  the  test  (and  they  usually 
give  double  the  deflection  of  long  rails)  I  may  be  quite  sure  that 
the  rails  also  will  stand  the  test.  Should,  however,  the  crop-ends 
not  stand,  the  maker  is  immediately  advised  of  the  fact  in  order 
that  he  may  alter  his  iron  ;  and  the  rails  are  then  tested  as  per 
specification,  taking  out  one  from  every  hundred,  and,  in  the  event  of 
its  breaking,  dividing  the  bulk  into  10  parts  and  testing  again,  so  as 
to  reject  10  for  every  bar  that  breaks.  This  plan  is  the  only  practical 
one ;  but  still  it  does  not  prevent  the  occasional  acceptance  of  a  few 
brittle  rails,  and  this  cannot  beovercome  until  we  findasuitable  method 
for  testing  each  rail  separately.  The  quality  or  wearing  capacity  of 
iron  rails  is  tested  by  breaking  crop-ends  and  rails  under  the  press 
in  order  to  ascertain  that  the  welding  is  perfect ;  this  is  best  deter- 
mined by  breaking  the  flange  first,  in  which  case  the  slab  would 
separate  from  the  rail-head  if  it  were  not  properly  welded.  Bad  or 
good  results  in  this  respect  are  entered  in  the  columns  set  apart  for 
that  purpose  in  the  inspection  book,  and  an  opinion  may  finally  be 
formed  whether  the  quality  is  one  which  can  fairly  be  accepted. 
The  dead-load  tests  are  then  executed,  but  as  the  stiffness  chiefly  de- 
pends on  the  section  and  height  of  rail  there  is  not  so  much  varia- 
tion in  the  result  as  with  the  other  tests.  However,  as  a  guide  to 
what  the  rails  ought  to  stand,  I  have  tabulated  the  results  in  the 
description  of  the  standard  rail  sections.  (Appendix,  No.  11.)  As  iron 
rails  (except  for  exportation  to  America)  are  considered  in  Europe 
as  a  thing  of  the  past,  this  is  of  less  practical  interest  than  the  sub- 
ject of  steel  rails.  But  I  am  sorry  to  say  that  we  are  yet  far  from 
being  unanimous  as  to  the  best  system  of  inspecting  steel  rails, 
and  I  may  give  here  the  final  paragraph  from  a  report  by  a  govern- 
ment engineer  on  this  subject,  where  he  says :  "  A  diversity 
of  opinion  amongst  men  so  experienced  as  yourself  and  the  eminent 
authorities  above  named,  leads  to  the  conclusion  that  engineers  like 
doctors  often  honestly  differ  upon  the  best  means  of  obtaining  simi- 
lar results.'^  I  will,  however,  state  the  manner  adopted  by  myself 
for  the  inspection  of  steel  rails,  which,  as  far  as  my  experience  goes, 
has  hitherto  given  equally  good  results  with  those  followed  in  in- 
specting iron  rails.  I  have  carried  out  the  inspection  of  steel  rails 
principally  in  the  same  way  as  that  of  iron,  but  with   very  muci 

VOL.  IX. — 14 
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more  severe  tests.  The  question  has  arisen  why  steel  rails  should 
be  expected  to  sustain  more  stringent  tests  than  iron,  and  the  ques- 
tion has  been  argued  from  both  sides.  It  seems  that  in  order  to 
make  up  for  the  variable  hardness  of  the  steel  rails  a  more  severe 
test  is  needed  to  secure  a  soft  metal  for  rails.  Where  would  engineers 
be  if  steel  rails  were  tested  with  no  heavier  falling  test  than  that  used 
for  iron  rails  ?  The  makers  would  produce  a  much  harder  rail,  because 
the  hard  metal  rolls  more  easily,  is  more  easily  blown  and  with  less 
waste,  but  then  the  breakages  would  surely  be  much  more  numerous 
than  they  now  are.  The  superiority  in  the  wearing  qualities  of  steel 
over  iron  rails  is  no  doubt  due  principally  to  the  solidity  of  a  material 
not  apt  to  laminate,  like  the  iron  rail  made  from  a  pile.  But  it  is 
doubted  which  is  the  more  durable,  the  hard  or  the  soft  rail.  For 
my  part  I  agree  with  Professor  Tunner  that  a  rail  of  medium  liard- 
ness,  possessing  the  greatest  absolute  strength,  is  the  best.*  Be  this 
as  it  may,  the  safety  of  the  rail  is  the  main  point,  and  the  simplest 
wav  of  securing  this  is  by  the  testof  a  heavy  falling  weight.  I  have, 
for  instance,  adopted  four  to  five  times  the  blow  for  steel  as  for  iron ; 
a  ton  weight  falling  20  feet  for  a  heavy  rail,  say  60  pounds  and  above  ; 
and  15  feet  for  a  56-pound  rail.  A  deflection  of  3  or  4  inches  should 
result  from  this,  according  to  the  hardness  of  the  steel.  Now  I  have 
not  thought  it  necessary  nor  expedient  to  stipulate  as  to  the  mode  of 
manufacture,  either  in  Bessemer,  Siemens,  or  even  th^  Thomas  steel, 
so  long  as  the  result  obtained  by  the  testing  shows  strength  as  above, 
solid  fracture,  and  exterior  correctness.  Nothing  more  need  be  ex- 
pected. But  a  practical  test  of  very  great  value,  which  my  inspectors 
have  to  superintend  each  day  during  the  make,  is  that  in  which  the 
maker  himself,  for  his  own  satisfaction,  tests  every  blow  mechanically 
by  having  a  sample  ingot  hammered  out  to  a  bar  1''  by  J'',  which 
should  when  cold  stand  bending  at  least  to  right  angles.  One  end  of 
this  bar  should  be  nicked  and  dipped  into  water  and  broken  to  expose 
the  fracture,  and  the  corresponding  blow  of  the  Bessemer  has  in  each 
case  to  be  approved  by  the  foreman  of  the  works  before  the 
ingots  are  taken  to  the  rail  mill.  Should  the  steel  break,  the 
cast  must  not  be  used,  and  the  blowing  metal  must  be  changed 
immediately  so  as  to  produce  a  superior  material.  In  this  case  a 
chemical  analysis — for  carbon,  silicon,  and  phosphorus — is  made  in 
order  to  discover  the  cause  of  the  metal  being  too  hard  or  too  brittle. 
This  self-control  of  the  maker  is  of  greater  value  than   any  testing 

*  See  Appendix  IX. 
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which  could  be  made  of  the  rails  afterwards ;  and  I  am  pleased  to 
say  that  the  plan  is  instituted  at  almost  every  steel  works  in 
Europe.  Formerly  more  stress  was  laid  upon  the  chemical  test  for 
carbon,  and  every  cast  was  analyzed  for  carbon  by  the  coloration  test 
of  Eggertz.  This  is  now,  however,  less  insisted  on,  since  it  is 
known  that  other  hardening  substances  besides  carbon  may  equally 
affect  the  strength.  Neglect  to  use  the  mechanical  test  on  every  cast 
may  result  in  the  production  of  large  quantities  of  ingots  which, 
when  rolled  out  into  rails,  will  not  stand  the  tests  inflicted,  and  I 
have  quite  lately  had  the  very  unpleasant  duty  of  rejecting  three  or 
four  hundred  tons  of  rail  which  had  been  produced  from  a  too  sili- 
cious  pig  iron,  the  steel  containing  |  per  cent,  of  silicon,  and  break- 
ing at  much  lower  tests  than  ought  to  have  been  the  case.  The 
production  of  good  steel  of  uniform  quality,  by  the  basic  process  of 
Thomas  and  Gilclirist,  depends  entirely  upon  the  mechanical  tests. 

Results  of  Inspection. — I  may  mention  that  the  result  of  my  in- 
spection of  steel  rails  during  the  past  ten  yeai's  on  the  system 
above  described,  taking  the  average  of  more  than  twelve  works  in 
England,  is  that  the  preliminary  rejection  at  the  first  inspection 
has  been  13  per  cent.  More  than  half  the  rails  were  rejected  for 
not  being  straight,  and  the  remainder  for  faults  detailed  in  the  in- 
spection book.  Of  course  after  being  re-straightened,  re-cut,  etc., 
all  these  rails  would  probably  be  accepted,  so  that  the  final  amount 
rejected  would  only  be  from  1  per  cent,  to  2  per  cent.  This  of 
course  has  nothing  to  do  with  that  portion  which  the  makers 
themselves  reject  before  the  rails  are  put  upon  the  inspection 
benches;  this  may  be  taken  as  about  equal  to  the  other,  so  that 
the  total  amount  ordinarily  rejected  in  the  manufacture  may  be 
estimated  to  be  about  3  per  cent,  I  do  not  mention  the  names 
of  any  makers,  but  I  may  say  that  I  have  had  to  inspect  work 
at  almost  every  rail  mill  in  England,  and,  having  kept  my 
books  carefully,  I  take  the  average  of  the  work  of  English  rail- 
makers  in  general.  Regarding  the  straightening  of  steel  rails  I 
believe  it  to  be  a  very  important  question.  The  present  method  is 
the  same  as  that  used  for  iron  rails,  and  this  is  the  cause  of  nearly 
all  the  breakages  of  steel  rails,  when  they  get  on  the  road.  For  the 
strength  is  liable  to  be  impaired  by  the  rough  treatment  in  bending 
the  rail  under  the  press  with  the  hammer  gags  cut  on  the  flanges ;  in 
fact,  steel  will  not  stand  so  much  rough  usage  in  this  way  as  iron. 
Therefore  straightening  hot  must  be  introduced  sooner  or  later.  Last 
autumn  I  drew  public  attention  to  this  in  an  article  which  appeared 
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ia  Engineering  of  10th  October,  1879,*  but  I  have  to  add  that  the 
method  which  I  was  tlien  hopeful  would  answer  has  not  proved 
quite  as  efficient  as  I  expected.  I  allude  to  the  curving  or  bend- 
ing machine.  It  certainly  does  take  out  all  twists,  but  it  does  not 
lessen  the  straightener's  labor  as  much  as  I  anticipated. 

Having  thus  described  my  method  of  inspection,  both  of  iron  and 
of  steel  rails,  I  think  you  will  no  doubt  have  seen  that  there  is  no 
mystery  or  secrecy  about  it,  or  in  fact  anything  extraordinary  in  the 
whole  method.  There  is  simply  a  good  supervision  of  the  make 
from  beginning  to  end,  and  constant  attendance  during  the  manu- 
facture of  honest  practical  experienced  men.  All  observations  are 
recorded,  and  conclusions  drawn  from  them. 

Even  if  a  railway  company  kept  a  competent  man  who  would  do 
the  same,  it  follows  that  his  practice  would  be  limited  ;  and,  there- 
fore, an  engineer  making  a  specialty  of  the  business  of  inspection, 
and  doing  nothing  else  but  inspect  for  various  employers  and  in 
different  districts,  must  naturally  gain  ten  times  more  experience 
than  any  one  would  be  able  to  obtain  from  practice  supplied  by  a 
single  company,  which,  unless  it  were  a  very  large  one  indeed,  could 
hardly  find  sufficient  work  to  keep  him  constantly  employed.  It  is 
then  more  to  the  interest,  at  any  rate  of  smaller  companies,  to  em- 
ploy a  professional  inspector. 

English  Engineers^  Specifications. — I  will  now  give  a  few  particu- 
lars of  English  engineers'  rail  specifications  and  of  their  mode 
of  inspection,  and  afterwards  some  of  those  adopted  on  the  Con- 
tinent. The  English  engineers,  both  for  English  and  Colonial 
roads,  prescribe  very  much  harder  conditions  in  their  specifications 
than  I  have  thought  necessary  to  fix  in  mine;  yet  I  very  much 
doubt  whether  they  get  a  better  result.  For  instance,  they  stipulate 
that  the  pig  iron  should  be  cold-blast,  mixed  with  Swedish,  Spanish, 
and  Cumberland  hematite,  or  other  suitable  cold-blast  pig,  with  a 
proper  quantity  of  best  Rhenish  spiegel,  and  not  less  than  10  per 
cent,  charcoal  pig  re-melted  in  air  furnaces,  not  in  cupolas,  ingots 
hammered  not  bloomed,  and  then  tested  with  very  heavy  falling  test. 
For  instance,  rails  should  be  bent  to  right  angles  by  blows  without 
breaking  (which  means  that  for  56-pound  rail  three  or  four  blows 
from  a  ton  ball  falling  thirty  feet  are  required).  Finally  the  rails 
have  to  be  chemically  analyzed  at  the  direction  of  the  engineer  by  a 
professional  analyst,  to  whom  the  maker  has  to  pay  £5  5s  for  each 


*  Appendix  VII,  The  Straightening  of  Steel  Kails. 
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analysis  made.  Then  follows,  in  one  of  them,  this  sentence:  "The 
rails  after  they  have  been  drilled  and  while  warm  are  to  be  dipped 
in  hot-boiled  linseed  oil  before  they  have  been  exposed  to  the 
weather,  as  a  protection  from  the  effect  of  the  sea-water,  etc.,  and 
afterwards  they  must  be  sanded  so  as  to  eflPectually  prevent  their  slip- 
ping in  the  ships  on  the  voyage  to  their  destination. 

These  and  many  other  like  stipulations  simply  mean  an  enhanced 
price  from  which  the  railway  company  derives  no  corresponding 
advantage.  There  are  many  points  in  tlie  system  of  railmaking  and 
inspection  in  England,  insisted  upon  by  English  engineers,  which 
might  well  be  recorded,  but  as  in  my  practice  I  have  not  had  to 
deal  with  them,  I  may  pass  on  to  a  short  review  of  the  leading  fea- 
ture of  the  Continental  system. 

German  Engineers^  Specijications. — Taking  the  largest  district, 
that  in  Rhenish  Prussia,  there  are  about  half  a  score  of  makers 
with  about  10,000  tons  weekly  output,  who  formerly  made  rails 
only  for  Germany  and  the  Continent,  but  who  now  have  com- 
menced exportation  to  America,  because  they  produce  twice  as 
much  as  is  required  for  home  consumption.  The  German  engineers 
have  really  gone  to  the  extreme  in  specifying  tests,  to  which  no 
makers  in  other  countries  would  submit.  I  give  in  extenso  three 
specimens  of  modern  German  specification  in  the  a})pendix,*  such  as 
is  suggested  by  the  Minister  of  Public  Works,  which  therefore  car- 
ries great  weight,  since  the  government  bought  some  of  the  principal 
lines,  such  as  the  Berlin-Coloo^ne-^Iinden,  and  similar  imnortant 
railways.  In  fact,  Bismarck  has  laid  his  hand  upon  nearly  all  the 
main  lines  in  the  country  for  political  reasons. 

From  the  specifications  given  it  will  be  seen  that  over  and  above 
the  ordinary  tests  there  is  particular  stress  laid  upon  the  contraction 
of  area,  say  35  per  cent.,  and  absolute  strength,  80,000  pounds  ])er 
square  inch,  with  20  per  cent,  elongation.  Inspection  is  more  strin- 
gent, rejecting  for  the  slightest  crack,  and  even  after  this  inspection 
at  the  works,  which  causes  great  hindrance  in  the  manufacture,  the 
rails  on  arriving  at  their  destination  are  still  liable  to  be  rejected  on  the 
second  inspection.  In  the  case  of  acceptance  of  tender  a  deposit  of  5 
per  cent,  is  required  for  10,  and  sometimes  12,  years  from  the  maker  as 
a  guarantee,  but  it  is  simply  kept  as  caution-money.  I  need  scarcely 
say  that  for  such  home  orders  a  higher  price  is  paid,  on  account  of 
these  stipulations  and  the  trouble  and  annoyance  they  entail,  for 

*  Appendix  VIII,  German  Specifienlions. 
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which  the  railway  company  certainly  does  not  reap  a  corresponding 
advantage.  I  may,  in  conclusion,  say  that  in  my  opinion  the  Ger- 
man engineers  have  gone  much  too  far  in  the  stipulation  for  phys- 
ical tests.  They  lay  all  the  stress  upon  contraction  of  area,  which 
may,  I  admit,  indicate  a  soft  material,  but  which  test  costs  a  great 
deal  to  make,  and,  what  is  still  worse,  delays  the  whole  of  the  man- 
ufacture, keeping  the  maker  in  a  state  of  constant  suspense,  or,  to 
speak  figuratively,  on  his  bare  knees  before  the  directors  of  the  rail- 
way, humbly  awaiting  the  result  of  the  final  test,  which  they  them- 
selves institute  after  the  rails  have  left  his  works  and  have  already 
been  passed  by  their  own  inspector. 

As  the  German  makers  enter  into  competition  with  the  English 
in  the  exportation  of  rails  to  America,  I  have  during  the  last  two 
or  three  years  had  to  make  inspections  for  American  railroads  in 
nearly  all  the  German  works,  and  I  may  state  that  the  makers  are 
fully  competent  to  do  justice  under  any  ordinary  conditions.  They 
have  been  so  much  bothered,  hampered,  and  cramped  with  the  ex- 
traordinary stipulations  of  their  own  railways,  that  they  are  pleased 
to  work  to  a  simple  specification  from  abroad,  and  they  much  ap- 
preciate the  relief  it  affords.  The  inspection  results  are  good. 
Straightening  is  the  principal  cause  of  rejection  there  as  in  England. 

Other  Continental  Engineers^  Specifications. — Belgium  has  only 
two  works  laid  out  for  steelmaking,  and  France  only  one, — the 
Creusot  Works, — which  competes  for  foreign  orders.  I  have 
inspected  rails  at  the  latter  works,  with  entire  satisfaction,  for 
Scandinavia.  It  may  be  here  remarked  that  the  specifications 
for  railways  in  Spain,  Italy,  and  France  prescribe  a  less  falling  test 
than  other  countries  in  Europe,  chiefly  on  account  of  the  milder 
climate  which  there  prevails.  Russia,  however,  as  the  breakage  of 
rails  is  a  source  of  much  trouble  to  her,  has  introduced  into  the 
specification  a  falling  test  under  artificial  cold,  so  that  the  test  at  the 
works  where  the  rails  are  made  may  agree  better  with  that  after- 
wards made  in  Russia.  The  Minister  of  Railways  has  lately  read  a 
paper  before  the  Iron  and  Steel  Institute,  in  which  are  given  results 
of  experiments  in  this  direction.  A  piece  of  rail  is  imbedded  in  a  mix- 
ture of  salt  and  ice  which  produces  a  temperature  of  minus  20°  Fah- 
renheit; after  being  cooled  down  in  this  mixture  the  i-ail  has  to  sus- 
tain the  ordinary  falling  test  prescribed  for  steel  rails.  This  seems 
to  be  a  rather  complicated  and  costly  method,  besides  being  slow, 
and  would  not  therefore  suit  makers  who  wish  to  make  tlieir  own 
tests  during  production,  as  described  above.     If,  instead  of  the  arti- 
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ficlal  cold,  the  falling  test  had  been  increased  in  a  degree  correspond- 
ino;  with  the  loss  of  streno;th  due  to  cold,  the  same  result  would 
have  been  obtained  with  fewer  drawbacks  in  the  operation.  It  is 
to  be  hoped  that  after  satisfactory  relationship  between  the  loss  of 
strength  and  the  lowering  of  temperature  has  been  ascertained,  the 
ordinary  falling  test  may  be  used  without  salt  and  ice,  but  simply  be 
regulated  according  to  the  temperature  prevailing  at  the  time  of 
testing.  My  own  experiments,  made  nine  or  ten  years  ago,  on 
the  influence  of  cold  show  that  at  low  temperatures  the  diminution 
of  strength  is  considerable,*  and  the  same  also  appears  in  the  paper 
read  before  the  Institution  of  Civil  Engineers  by  Webster.f  We  may 
conclude  that  there  is  certainly  wanted  a  more  severe  falling  test  for 
safety  in  rails  constructed  for  cold  climates  than  for  those  intended 
for  mild  ones,  but  we  have  not  yet  sufficient  data  to  determine  ex- 
actly the  relationship  between  test  and  temperature. 

American  Engineers'  Specifications. — This  finishes  the  broad 
outline  of  my  remarks  on  rail  inspection  in  Europe,  and  I  would 
like  now  to  touch  upon  the  same  subject  as  treated  in  America. 
About  a  year  ago  my  friend  Mr.  Ilolley  presented  me  with  a  copy 
of  Dr.  Dudley's  work  on  the  Chemical  Composition  and  Phys- 
ical Properties  of  Steel  Rails,§  and  he  asked  me  to  take  up  the 
matter  in  Europe.  I  accepted  the  task  with  great  pleasure,  and 
I  circulated  a  large  number  of  copies  of  the  book  amongst  the 
engineers  and  most  eminent  authorities  in  Europe,  writing  a  letter 
with  each,  asking  an  opinion  on  the  book  after  perusal,  as  it  con- 
tained new  views  upon  steel-rail  manufacture.  I  received  many 
replies  from  all  sides,  some  of  which  I  give  in  the  appendix. J  I 
also  wrote  to  the  learned  doctor  himself,  asking  for  further  informa- 
tion on  the  subject,  and  received  a  reply  saying  that  he  was  con- 
tinuing his  researches,  the  result  of  which  would  be  laid  before  the 
Institute.  This  year  I  have  had  to  inspect  rails  made  under  Dr. 
Dudley's  specification,  and  it  so  happened  that  Mr.  Holley  was  then 
in  the  district.  They  were  made  in  Germany  ;  the  quantity  was 
2500  tons,  which  sufficiently,  I  think,  entitles  me  to  advance  an 
opinion.  I  need  not  repeat  what  has  been  already  said  in  the  ex- 
cellent  discussion  which    took    place  at   your   Institute,   wdiich    I 

*  See  Appendix  to  translation  of  Styffe's  Experiments  on  the  Strength  of  Iron 
Rails  at  Different  Temperatures. 

f   Webster  on  Iron  and  Steol  at  Low  Temperatures,  1879-80. 

X  Appendix  IX.     Opinions  on  Dr.  Dudlej-'s  Paper. 

§  Transactions  American  Institute  of  Mining  Engineers,  Vol.  VII. 
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regard  as  being  one  of  the  most  able  and  instructive  discussions 
held  for  many  years.  It  was  only  after  great  consideration  that 
both  the  makers  and  myself  would  undertake  the  execution  of  the 
specification.  The  small  amount  of  silicon  seemed  to  be  the  point 
of  difficulty ;  however,  by  making  the  pig  iron  so  as  to  start  with 
only  IJ  per  cent,  of  silicon  we  brought  it  to  its  specified  quantity 
of  .04  or  less  in  the  rail,  and  we  worked  to  all  the  other  condi- 
tions closely.  The  results  were,  in  rolling,  more  wasters  and  a  larger 
quantity  of  rejections  through  the  metal  being  less  fluid  than  usual, 
the  ingots  were  not  so  solid,  and  the  rail-ends  showed  honeycombs 
and  blisters.  For  these  reasons  I  believe  that  rails  made  with 
this  chemical  composition  will  show  unsoundness  and  will  not  wear 
as  well  as  ordinary  steel  rails.  AVe  know  that  silicon  is  used  even  in 
easting  gun  metal  with  the  object  of  obtaining  solid  ingots  to  com- 
mence with,  and  the  strength  wanted  is  obtained  afterwards  by  ham- 
mering and  other  manipulations.  Why  should  it  then  be  excluded 
from  the  rail  metal,  when  solidity  in  the  rail  is  of  equally  great  im- 
portance as  in  guns  ?  I  admit  that  an  excess  of  silicon  is  objection- 
able on  the  score  of  safety,  but  I  v/ould  not  consider  it  too  high  un- 
less the  quantity  rises  to  0.12  per  cent.,  or  more  than  three  times  as 
much  as  Dr.  Dudley  allows,  provided  that  the  other  hardening  sub- 
stances are  in  accordance  with  Dr.  Dudley's  formula.  However,  a 
complete  analysis  was  made  by  my  own  chemist,  Mr.  Troilius,  in 
conjunction  with  the  chemist  at  the  works  in  question,  and  the  re- 
sults of  their  analyses  on  the  same  boring,  taken  at  random  from  the 
steel,  agreed  perfectly.  These  results  I  have  entered  in  the  inspec- 
tion book  in  the  ordinary  way.  Five  analyses  were  made,  and  I 
kept  the  boring  used  in  each  analysis,  in  caseany  dispute  should  arise. 
I  am  pleased  that  I  have  had  the  opportunity  of  inspecting  an  or- 
der made  under  Dr.  Dudley's  formula  and  specification  in  all  re- 
spects. I  have  been  thus  enabled  to  draw  practical  conclusions,  and 
I  think  that  the  specification  can,  with  great  care  in  mixing  the  pig 
iron,  be  carried  out,  but  I  find  that  the  cost  is  a  great  deal  higher 
than  in  the  ordinary  working.  In  my  opinion  the  course  followed 
is  not  altogether  desirable,  as  the  results  in  the  end  are  not  as  good 
as  in  the  ordinary  methods.  However,  if  railway  companies  will 
insist  upon  adopting  this  specification,  I  can  see  it  carried  out. 

I  hope  that  the  investigations  and  researches  which  Dr.  Dudley 
has  commenced  will  be  continued  by  others  as  well  as  himself. 
For  my  part  I  will  do  my  best  in  Europe,  and  I  believe  that  I  may 
flatter  myself  as  being  actuated  by  the  same  feeling  as  Dr.  Dudley, 
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viz.,  to  ultimately  arrive  at  the  best  speeification  for  steel  rails. 
No  one  could  value  the  assistance  of  chemistry  in  steelmaking 
more  than  myself,  and  I  may  say  that  I  started  the  chemical  labo- 
ratory at  the  Crewe  Steel  Works,  on  the  London  and  North- 
western Railway,  about  eleven  years  ago,  but  I  do  not.  hesitate  to 
indorse  the  expressions  of  my  friend  Dr.  Percy,  the  greatest  chem- 
ical authority  on  iron  and  steel  in  England,  when  he  says :  "  Let 
them  be  satisfied  with  ordinary  physical  tests,  and  take  to  chemistry 
only  for  explanations  when  any  extraordinary  results  are  obtained.^' 
In  these  words  lies  the  truth  ;  let  the  chemist  help  us,  but  not  be 
master  and  dictator.  Again,  why  should  only  one  chemical  compo- 
sition be  thought  to  be  the  right  one.  Rails  may  vary  greatly 
in  composition,  and  yet  be  equally  good  in  wear,  and  if  only  one 
formula  be  specified  competition  in  tendering  would  naturally  be 
reduced,  and  would  cause  unnecessarily  high  prices. 

Conclusions. — Finally,  we  may  look  at  the  general  experience  re- 
sulting from  the  use  of  iron  and  steel  rails.  In  1868  I  believe  I  laid  the 
first  results  on  a  large  scale  before  the  railway  world  in  a  paper  on  the 
manufacture  and  wear  of  rails,  read  before  the  Institution  of  Civil 
Engineers  in  England.*  Since  that  paper  was  written  the  favorable 
opinion  then  expressed  as  to  steel  rails  has  only  been  strengthened,  and 
as  the  price  of  such  rails  has  been  reduced,  rails  made  of  iron  have  been 
almost  entirely  superseded  in  the  market.  Railways  on  which  there 
is  so  enormous  an  amount  of  traffic  as  on  some  in  Enijland,  like  the 
Metropolitan  Railway,  for  instance,  would  never  have  been  able  to 
maintain  their  system,  and  meet  the  requirements  of  such  a  large  ser- 
vice of  trains,  if  they  had  not  been  laid  with  steel  rails.  On  the  Con- 
tinent the  same  remark  applies  with  almost  equal  force.  One  of  the 
most  frequented  lines  in  Germany,  the  Cologne-Minden,  which  has 
now  been  wholly  laid  in  steel  for  the  last  seven  years,  gives  the  fol- 
lowing result  in  comparison  with  the  former  use  of  iron  rails.  They 
formerly  had  an  exchange  of  7  per  cent,  per  annum  of  the  iron  rails 
(which  were,  by  the  way,  much  superior  to  those  now  ordinarily  era- 
ployed  in  England),  but  during  the  seven  years'  wear  of  the  steel 
rails  there  has  not  been  so  much  as  1  per  cent,  replaced.  What 
more  proof,  then,  is  needed?  Similarly  good  results  are  obtained  in 
France,  and  all  over  Europe,  and  as  for  cold  climates,  such  as  Scan- 
dinavia, Russia,  and  Canada,  steel  is  certainly  more  safe  in  point  of 
strength  than  the  iron  rails.  Therefore  I  see  no  reason  why  steel  of  ordi- 


*  Sandbertr  on  the  Manufacture  and  Wear  of  Rails,  18G7-G8. 
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nary  quality  should  not  be  used  in  America.  The  investigations  on  the 
Pennsylvania  Railroad  must  have  been  made  under  exceptional  condi- 
tions, for  I  see  no  reason  why  they  should  give  different  results  from 
those  obtained  elsewhere.  It  is  true  that  the  way  in  which  steel  rails 
sometimes  break  is  startling,  and  makes  one  suspicious;  but  I  can 
safely  say  that  there  were  more  accidents  caused  by  the  lamination  of 
iron  rails  formerly  than  there  now  is  from  fracture  of  steel  rails.  I  may 
give  figures  derived  from  official  reports  ofthe  railway  recently  referred 
to,  where,  even  with  the  greatest  care  in  inspection  and  maintenance 
of  road,  fractures  of  the  steel  rails  have  occurred  in  the  seven  years 
during  which  they  had  been  laid,  in  no  fewer  than  1400  cases;  but, 
notwithstanding  this,  there  has  been  no  instance  of  the  engine  or  train 
running  off  the  line.  We  must  conclude  from  this  that  the  breakage 
of  steel  rails  is  not  necessarily  of  a  destructive  or  dangerous  nature, 
if  the  lines  are  only  watched  by  the  plate-layers  and  railway  in- 
spectors. Tliere  are  actually  at'  the  present  time  in  England  hundreds 
of  miles  of  old  branch  lines  without  any  fish  plates  at  all,  which 
might  be  compared  to  broken  rails  ;  still  traffic  is  safe,  though  neces- 
sarily slow. 

I  will  in  conclusion  refer  to  a  single  instance  of  a  broken  rail, 
which  only  by  some  singularly  good  fortune  failed  to  cause  an  acci- 
dent (I  give  a  drawing  of  it  in  the  appendix*).  The  rail  broke  on 
26th  December  last  near  Cologne,  under  the  Berlin  Express,  in  no  less 
than  seventeen  pieces.  It  had  been  in  service  for  six  years,  and  no 
signs  of  failure  had  been  observed.  When  it  was  analyzed  it  was 
found  to  be  of  almost  exactly  the  same  composition  as  that  which 
Dr.  Dudley  recommends,  and  the  steel  of  the  broken  pieces  con- 
formed to  his  tests.  This  shows  that  exceptional  fractures  of  steel 
rails  will  occur  under  all  circumstances,  but  the  number  of  fail- 
ures is  not  nearly  as  great  as  happened  when  iron  rails  were  used  in 
former  times.  The  long  and  short  of  the  whole  matter  is  that  we 
now  get  steel  rails  without  increased*  price,  and  with  many  times  the 
amount  of  endurance  and  safety,  which  was  previously  the  case  with 
iron  rails.f  The  railway  world  has  made  great  advances  in  rail 
production  to  the  advantage  of  all  concerned,  and  I  hope  this  will 
continue  to  be  the  case.  It  is  far  from  my  wish  that  supervision 
should  be  in  any  way  lessened.  Yet,  on  the  other  hand,  I  cannot 
advise  my  clients  and  the  consumers  generally  to  place  much  weight 


*  Appendix  X,  Drawing  of  Broken  Hail. 

•j-  See  Ajippndix  XI,  Sandberg's  Diagram  of  Average  Prices  of  Iron  and  Steel 
Kails  since  1854. 
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upon  uselessly  strict  specifications,  but  rather  to  be  satisfied  with  only 
what  is  really  necessary.  America  in  her  growing  rail  manufacture 
will  feel  the  need  of  inspection  more  and  more,  as  we  have  done  in 
Europe,  but  I  hope  that  tlie  error  into  which  we  have  fallen  of 
specifying  too  much  will  be  avoided,  and  it  is  with  this  in  view  that 
I  have  stated  frankly  my  opinion  and  given  my  reasons  for  it,  based 
upon  the  results  of  practice.  No  country  has  honored  me  with  so 
much  confidence  in  the  rail  inspection  as  America,  and  I  therefore 
feel  a  strong  desire,  as  a  token  of  gratitude,  that  ray  remarks  should 
be  taken  to  heart  and  considered  carefully  for  the  benefit,  as  I  hope, 
of  the  country  at  large. 


APPENDICES  TO  SANDBERG'S  PAPER  ON  RAIL 

INSPECTION. 

APPENDIX  I. 

CONTRACT   FOR    RAILS   AND    FASTENINGS — TONS     OF     RAILS   WITH 
FISH-PLATES,    BOLTS,    AND   NUTS. 

Sandberg^s  Form  of  Specification  for  Iron  Ralls. 

Section. — The  rails  are  to  be  of  the  section  shown  in  the  annexed 
drawing      •  inches  high  and  inches  on  the  base. 

A  template  will  be  handed  with  the  order. 

Weight. — The  rails  are  to  weigh  pounds  per  yard.     The 

usual  allowance  of  2  per  cent,  on  single  rail,  and  1  percent,  on  total 
quantity  will  be  accorded  without  rejection,  but  the  rails  must  not 
be  invoiced  at  more  than  pounds  per  yard,  and  makers  will 

be  answerable  for  the  full  weight  as  per  invoice. 

Length. — The  length   of  the  rails  is  fixed  to  feet  Eng- 

lish, with  an  allowance  of  inch  above  or  below  this  measure, 

per  cent,  of  the  total  quantity  may  be  of  shorter  lengths, 
but  only 

Punching  and  Notching. — Each  end  of  every  rail  must  have  two 
(2)  holes  for  the  bolts  and  notches  cut  in  the  flange 

in  accordance  with  tracing  lianded  with  the  order. 

Marhing. — Each  rail  must  bear  the  name  of  the  maker,  and  the 
year  in  which  it  is  rolled.  The  letters  must  be  distinct,  and  at  least 
one  inch  in  height.     Each  rail,  when  inspected  and  approved,  must 
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be  stamped  with  the  private  stamp  of  the  inspecting  engineer.  The 
rails  will  not  be  accepted  unless  this  has  been  complied  with. 

Mode  of  Manufacture. — The  rails  are  to  be  made  from  a  pile  of 
sound  and  compact  iron.  This  pile  shall  consist  of  a  top  slab  of 
inches  thick,  and  2  layers  of  puddle  bars  next  to  it.  The  arrange- 
ment of  the  remainder  of  the  pile  is  left  to  the  option  of  the  manu- 
facturer. The  rail  pile  is  to  be  heated  twice,  and  rolled  into  a  rail 
of  exact  section.  The  top  slab  shall  be  made  from  puddled  iron 
only  of  hard  crystalline  texture,  such  as  will  effectually  withstand 
the  action  of  traffic  without  laminating,  crushing,  or  breaking.  All 
rails  bearing  evidence  of  defective  welding  will  be  rejected.  The 
rails  must  be  perfectly  straight  and  smooth,  without  cracks  or  flaws. 
The  ends  are  to  be  cut  square  off,  and  at  right  angles  to  the  base, 
and  the  cut  end  must  show  a  surface  smooth,  clean,  compact,  and 
without  defects. 

Inspection. — The  rails  will  be  passed  in  lots  not  exceeding  1000 
bars  each.  The  engineer  or  inspector  appointed  by  the  buyer  will 
select  from  each  lot  a  certain  number  of  rails,  not  exceeding  J  per 
cent,  of  the  whole,  and  will  test  them  as  follows : 

Tests. — 1st.  Each  of  the  selected  rails  must  carry  tons  in  the 

centre,  between  3  feet  bearings,  for  five  minutes,  without  perma- 
nent set. 

2d.  The  rails  must  carry  in  the  same  position  a  load  of  tons 

without  breaking.  After  this  the  flange  of  the  rail  will  be  cut,  and 
the  rail  broken.  The  fracture  must  show  perfect  welding,  especially 
in  the  head. 

3d.  Each  half  of  the  broken  rail  again  placed  on  3  feet  bearings 
must  stand  a  blow  from  a  ball  weighing  falling  from  a  height 

of  feet  on  the  rail  between  the  supports  without  showing  any 

fracture.  The  bearings  are  to  be  of  cast  iron  fixed  on  oak  frames, 
and  supported  on  solid  masonry  4  feet  deep. 

Should  one  of  the  rails  fail  under  any  of  the  above  tests,  the  lot 
will  be  divided  into  ten  equal  portions,  and  one  rail  from  each  will 
be  tested.  Each  rail  then  proving  unequal  to  the  test  will  cause  the 
lot  from  which  it  was  taken  to  be  rejected. 

The  inspector  of  the  company  is  to  have  the  right  of  entrance 
to  the  works  at  all  times  to  inspect  the  manufacture  and  quality  of 
the  materials,  and  to  superintend  the  testing  of  the  rails ;  but  this 
inspection  is  in  no  way  to  remove  the  responsibility  of  the  manu- 
facturer, who  is  bound  to  deliver  nothing  but  good  sound  rails  of 
best  workmanship  and  good  materials.     Any  remarks  which  the  in- 
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spector  may  have  to  make  are  to  be  addressed  to  the  manager  of  the 
works,  and  not  to  tlie  workmen  therein  employed.  All  rails  in- 
spected, approved,  and  stamped  by  the  inspecting  engineer  cannot 
afterwards  be  rejected. 

Fish-plates. — The  fish  plates  are  to  be  inches  long,  and  of 

the  exact  section  shown  in  the  drawing  annexed.  They  are  to  be 
made  of  good  strong  iron  that  will  stand  bending,  and  to  be  per- 
fectly straight  and  smooth  on  every  surface,  and  well  squared  off  at 
the  ends.     The  fish-plates  are  to   have  four  (4)  holes  inch 

punched  in  them,  to  correspond  with  the  holes  in  the  rails  as  per 
drawing.  The  number  of  fish-plates  is  to  be  two  (2)  for  every  rail, 
and  they  are  to  be  bundled  together,  ten  in  each  bundle. 

Bolts. — The  bolts  for  the  fish-joints,  inch   diameter,  con- 

formable to  drawing  annexed  should  be  made  of  good  strong  iron 
that  will  stand  bending;  the  heads  to  be  worked  out  of  the  solid, 
and  not  welded.  The  forging  to  be  perfectly  sound  and  true.  The 
thread  to  be  Whitworth's,  cut  clean  and  full.  The  number  of  the 
bolts  is  to  be  four  (4)  to  every  rail.  Bolts  and  nuts  to  be  packed 
in  strong  cases,  sufficiently  secure  for  sea  voyage  and  transport  by 
land. 

Sandherg^s  Form  of  Specification  for  Steel  Rails. 

Section. — The  rails  are  to  be  of  the  section  shown  on  annexed 
drawing,  inches  high,  and  inches  on  the  base,  and  to  be 

made  according  to  a  template  which  will  be  furnished  with  the  order. 

The  rails  are  to  be  perfectly  straight  and  true,  and  of  uniform 
section  throug^hout  their  whole  leno;th. 

Weight. — The  rails  are  to  weigli  pounds  per  yard.     The 

usual  allowance  of  2  per  cent,  on  single  rail,  and  1  percent,  on  total 
quantity  will  be  accorded  without  rejection,  but  the  rails  must  not 
be  invoiced  at  more  than  pounds  per  yard,  and  makers  will 

be  answerable  for  the  full  weight  as  per  invoice. 

Length. — The  length  of  the  rails  is  fixed  to  feet 

inches,  with  an  allowance  of         inch     above  or  below  this  measure. 

per  cent,  of  the  total  quantity  may  be  of  shorter  lengths 
but  only 

Drilling,  Punching,  and  Notching. — 

3Iarhing. — Each  rail  must  bear  the  name  of  the  maker  and  the 
year  in  which  it  is  rolled.  The  letters  must  be  distinct  so  as  to 
identify  the  rails.  Each  rail  when  inspected  and  approved  must  be 
stamped  with  the  private  stamp  of  the  inspecting  engineer.  The 
rails  will  not  be  accepted  unless  this  has  been  complied  with. 
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3Iode  of  Manufacture. — The  steel  must  be  cast  into  Ingots  by  the 
Bessemer  or  Siemens  process,  and  must  be  of  uniform  quality  and 
equal  hardness  throughout,  and  the  inspecting  engineer  will  be  at 
liberty  to  test  sample  ingots  by  forging,  tempering,  bending,  or 
otherwise,  to  satisfy  himself  of  the  proper  material  being  used. 

These  ingots  must  be  heated  well  through,  then  hammered  or 
rolled  into  a  rail  of  exact  section.  Flaws  or  cracks  in  the  ingot 
must  be  cut  out  hot  before  the  last  rolling  so  as  to  make  a  perfectly 
smooth  and  clean  rail  free  from  cracks,  flaws,  and  other  imperfec- 
tions.    No  patching  or  mending  the  flanges  will  be  tolerated. 

Inspection. — The  rails  will  be  passed  in  lots  not  exceeding  1000" 
bars  each.  The  engineer  or  inspector  appointed  by  the  buyer  will 
select  from  each  lot  a  certain  number  of  rails,  not  exceeding  J  per 
cent,  of  the  whole,  and  will  test  them  as  follows  : 

Tests. — 1st.  Each  of  the  selected  rails  must  carry  tons  in 

the  centre,  between  3  feet  bearings,  for  five  minutes,  without  per- 
manent set. 

2d.  The  rails  must  carry  in  the  same  position  a  load  of  tons 

without  breaking;  after  this  the  flange  of  the  rail  will  be  cut  and 
the  rail  broken.  The  fracture  must  show  perfect  welding,  especially 
in  the  head. 

3d.  Each  half  of  the  broken  rail  again  placed  on  3  feet  bearings 
must  stand  a  blow  from  a  ball  weighing  falling  from  a  height 

of  feet  on  the  rail  between  the  supports  without  showing  any 

fracture.  The  bearings  are  to  be  of  cast  iron  fixed  on  oak  frames 
and  supported  on  solid  masonry  4  feet  deep. 

Should  one  of  the  rails  fail  under  any  of  the  above  tests,  the  lot 
will  be  divided  into  ten  equal  portions,  and  one  rail  from  each  will 
be  tested.  Each  rail  then  proving  unequal  to  the  test,  will  cause 
the  lot  from  which  it  was  taken  to  be  rejected. 

The  inspector  of  the  company  is  to  have  the  right  of  entrance  to 
the  works  at  all  times,  to  inspect  the  manufacture  and  quality  of  the 
materials,  and  to  superintend  the  testing  of  the  rails ;  but  this  in- 
spection is  in  no  way  to  remove  the  responsibility  of  the  manufac- 
turer, who  is  bound  to  deliver  nothiug  but  good  sound  rails  of  best 
workmanship  and  good  materials.  Any  remarks  which  the  inspector 
may  have  to  make,  are  to  be  addressed  to  the  manager  of  the  works, 
and  not  to  the  workmen  therein  employed.  All  rails  inspected, 
approved,  and  stamped  by  the  inspecting  engineer,  cannot  after- 
wards he  rejected. 

Notice  of  Rolling. — The  makers  to  give  eight  days'  notice  to  the 
inspecting  engineer  of  commencing  the  rolling,  and  not  less  than 
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two  days'   notice  of  resuming  the  work  after  its   temporary  sus- 
pension. 

APPENDIX  II. 
DESCRIPTION   OF  SANDBERO's   STANDARD   RAIL   SECTIONS. 

(See  cuts  of  rail  sections  on  accompanying  plates.) 

Object  of  Design. — (1.)  To  economize  metal,  and  secure  a  strong 
and  durable  road  by  improved  form  of  rail  and  fisli-j(^int. 

(2.)  To  combine  the  requirements  of  the  engineer  with  those  of 
the  manufacturer,  avoiding  unnecessary  cost  through  complicated 
designs  and  specifications. 

(3.)  To  introduce  standard  patterns  into  general  use,  thereby 
securing  uniformity,  and  facilitating  constant  manufacture  at  slack 
times,  thus  avoiding  extreme  fluctuations  in  the  rail  market  when  a 
sudden  demand  exceeds  production. 

Description  of  Rail  Sections. — The  rails  are  designed  with  the 
base  and  height  of  equal  dimensions,  except  in  the  lighter  forms, 
such  as  20  to  45  pounds,  calculated  for  lower  speeds,  where  the  height 
is  increased  J  inch,  thereby  increasing  the  stiffness  of  the  rail. 

For  every  5  pounds  additional  weight  per  yard  J  inch  is  added 
to  the  height  and  width  (see  Table  No.  1),  and  at  the  same  time  a 
proportionate  increase  in  wearing  substance  is  provided  for. 

The  angles  of  the  rail  in  contact  with  the  fish-plate  are  the  same 
top  and  bottom — 11°  in  the  heavy  sections,  15"  in  the  lighter  rails. 
The  fish-plates  are  therefore  reversible,  and  form  so  firm  a  joint 
that  it  can  be  loaded  with  two-thirds  of  the  weight,  which  the  rail 
will  carry  in  the  middle  without  taking  permanent  set  (see  Table 
No.  1). 

Description  of  Road. — These  rails  can  be  laid  direct  without  base- 
plates, on  ordinary  cross  sleepers,  3  feet  from  centre  to  centre  and  2 
feet  at  the  joint.  Sleepers  to  rest  on  good  ballast,  and  the  road  well 
drained.  Table  No.  1  shows  weight  of  rails  required  per  English 
mile  single  line.  For  fishing  and  fastening  of  each  rail  section  full 
particulars  are  given  in  Table  No.  2.  Notching  for  suspended  joint 
10  inches  on  one  side,  12  inches  on  the  other  from  rail-end  to  com- 
mencement of  notch,  and  for  rail-joint  laid  on  sleeper  2  inches  from 
rail  end  on  both  sides. 

Description  of  Bo/ling  Stock. — Ta!)le  No  1  shows  the  stiffness  and 
strength  of  each  rail,  also  maximum  weight  of  engine  or  safe  l(»ad, 
which  is,  however,  not  the  most  economical  for  working  a  line,  but 
shows  the  ultimate  safe  load  to  which  an  increase  of  traffic  may  extend. 
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The  weiglit  on  each  wlieel  of  carriages  and  tracks  may  approach  but 
not  exceed  the  safe  load  on  en oj-ine- wheel. 

Ilaximum  Speed  to  be  Used. — The  heavy  sections,  50  to  80  pounds 
per  yard,  are  designed  for  ordinary  speeds — say  25  miles  per  hour 
for  goods,  and  40  miles  per  hour  for  passenger  traffic.  The  sections 
35  pounds  to  45  pounds  are  for  lower  speeds — say  15  miles  per  hour 
for  goods,  and  25  miles  per  hour  for  passenger  traffic.  The  sections 
20  pounds  to  30  pounds  (intended  chiefly  for  private  lines)  are  cal- 
culated for  a  speed  of  10  miles  per  hour;  and  rails  of  15  pounds 
are  only  fit  for  horse  traction. 

Guide  to  Specification  for  the  Manufacture  of  Iron  Rails  of  Extra 
or  Superior  Quality. — Table  No.  1  gives  dimensions  of  top  slab 
for  rails  according  to  weight  per  yard.  The  rail  pile  to  be  heated 
twice. 

The  rail  to  be  tested  for  safety  by  falling  weight,  according  to  the 
following  rule: 

Weight  of  ball  in  cwts.  X  height  of  fall  in  feet  to  equal  weight  of 
rail  per  yard  in  pounds;  for  instance,  7  cwt.  falling  8  feet  for 
56-pound  rail.  The  rail  to  rest  on  solid  supports  three  feet  apart. 
The  rails  to  stand  the  tests  by  dead  weight  indicated  in  Table  No.  1. 
The  wearing  capacity  to  be  ascertained  by  daily  experiments  made 
by  inspector  during  manufacture.  These  tests  for  safety  and  wear- 
ing qualities  of  the  rail  may  vary,  not  only  according  to  the  weight 
of  the  rail,  but  also  to  local  conditions,  such  as  climate,  nature  of 
road,  and  traffic,  for  which  reason  a  complete  specification  adapted 
to  all  cases  cannot  be  here  giv^en. 

Advantages  of  these  Rail  Sections,  as  Compared  with  those  Ordi- 
narily Used.—{\.)  Greater  stability  and  safety  of  road  through  in- 
creased width  of  rail  base. 

(2.)  Uniform  stiffiiess  of  the  road  by  greater  strength  at  the  rail- 
joint  than  can  be  obtained  with  the  plain  fish  applied  to  ordinary  pear- 
shaped  rail  sections  of  greater  inclination  for  the  fish-plate  than  re- 
quisite for  easy  rolling,  which  may  be  taken  at  11°  for  heavy  sec- 
tions and  15°  for  light  rails. 

(3)  Increased  traffic  capacity  on  these  sections  by  the  use  of 
heavier  engines  in  proportion  to  the  weight  of  the  rail  than  can  be 
employed  on  ordinary  sections  (see  Table  No.  1). 

(4.)  Cheap  maintenance  of  the  permanent  way  by  the  increased  rail- 
base  saving  the  sleepers,  and  the  joints  kept  tight  by  less  work  being 
thrown  upon  the  bolt  than  in  the  pear- formed  section  of  greater  in- 
clination in  the  fishing  angle. 
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SPECIFICATION    FOR   LIGHT    RAILS    WEIGHING    FROM    TWENTY   TO 

forty  pounds  per  yard. 
Construction  of  Sections. 


Weight 
per  yard. 

Height. 

Base. 

Width  of 
head. 

Thickness  of 
edge  of  flange. 

Thickness  of 
stem. 

Dimensions 
of  top  slab  used 
for  extra  rails. 

lbs. 
45 
40 
35 
30 
25 
20 

Inches. 
3% 
3>^ 

2'X 

Inches. 

3^ 

3 

2% 

2^ 
2% 

Inches. 
2 

1% 
!•% 

11  9 

3  2 

115 

M  2 

1% 

Inches. 

Inches. 

S 

1 1 

3  2" 

tV 

Inches. 

7  X  vy^ 
7x  ly, 
ox  lA 

6X  1'/^ 

^A  X  iM 
434  X  lA 

NOTK. — The  sections  are  increased  14-  '"<2^i  ^^  height  and  base  for  every  5  lbs.  increased  weigbt 
per  yard.     Fish-plates  reversible  in  contact  with  head  and  flange  of  rail  at  an  angle  of  15°. 

Length  of  Rail. — Standard  length  to  be  21  feet,  with  10  per  cent, 
of  18, 15,  and  12  feet,  with  allowance  not  exceeding  ^  of  an  inch  under 
or  over  these  specified  lengths. 

Punching,  Notching,  and  Fastenings. — 


RAILS. 

45&40  lbs.  per  yard. 

RAILS. 

35  &  30  lbs.  per  yard. 

RAILS. 

25  &201bs.  per  yard. 

Holes  in  rail  oval 

2  holes  at  each  end. 

1X% 

Centre  of   1st  hole. 
2d 

%x% 

lylfrora  end  of  rail. 
33^  from  centre  of 
first  in    all  the 
sections. 

Holes  in  fish-plate,  pear  shaped. 

%in.diani.        |         %  in.  diam.        1         ^^in.diara. 

Fish-plates  13  in.  long  in  all  the  sections.    4  pear-shaped  hok> 
334  in.  between  centres  in  each  plate. 

Bolts  and  nuts.    Cuphead  square 
uuts,  pear  shaped  necks 

%in.diam.        |         %  in  diam.         1         34in.diara. 

Spikes 

13.^  in.  long  X  A  i"-  '^A  i"-  X    '    in-  sq- 
sq.         ' 

43^  in.  long  X  %  in- 
sq. 

Notches  for  suspended    joints  9 
inches  from  end  of  rail 

%  in.  X  Mill. 

%  in.  X  %  in.             %  in.  X  A  in. 

1 

Notches.     Where  joint  lays  on 
sleeper  2   inches   from   end   of 
j-jiil     

%in.  X%in. 

%  in.  X  34  in. 

Min.  X^in. 

Mode  of  Manufacture. — The  rail  shall  be  made  from  piles  of  7 
inches  square  for  the  45  and  40  pounds,  6  inches  square  for  the  35  and 
30  pounds,  and  4 J  inches  square  for  the  25  and  20  pounds,  or  from 
piles  of  a  corresponding  sectional  area.  These  piles  shall  be  laid  up 
with  a  top  slab  of  No.  2  iron,  of  hard  crystalline  texture,  perfectly 
homogeneous,  and  puddle  bars  arranged  so  as  to  break  joint.     The 
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pile  to  be  heated  and  bloomed  between  rollers,  reheated,  and  then 
rolled  into  a  finished  rail.  The  thiekness  of  the  top  slab  shall  be 
not  less  than  1 J  inches  by  the  widths  above  specified,  or  correspond- 
ing dimensions,  so  as  to  produce  a  thickness  of  wearing  surface  in 
the  head  of  the  finished  rail  of  not  less  than  h  inch. 

Testing  for  Strength  or  Safety. — Rails  supported  at  3  feet  distance 
on  a  solid  iron  block  in  masonry  shall  sustain,  without  fracture, 
falling  weights  in  proportion  to  the  weight  of  rail  without  sign  of 
fracture,  viz.  :  5  cwt.  ball  falling  9  feet  for  the  45-pound,  8  feet  for 
the  40-pound,  7  feet  for  the  35-pound,  6  feet  for  the  30-pound,  5 
feet  for  the  25-pound,  and  4  feet  for  the  20-pound  rail. 

One  rail  out  of  every  1000  must  be  tested,  and  if  not  broken  the 
whole  1000  will  be  accepted  ;  but  if  unequal  to  the  test,  a  further 
10  rails  must  be  tested  from  the  same  make,  and  for  each  of  these 
standing  such  a  test  99  will  be  accepted. 

Test  of  Welding  in  Rail-head. — The  rail  shall  be  nicked  under 
the  flange  and  broken,  witli  the  head  upward,  when  it  must  show 
perfect  welding  in  the  head  of  the  rail,  and  no  seams  must  be  visible 
in  the  broken  section  of  the  head. 

Inspection. — The  inspector  to  be  present  at  the  works  at  all  times 
during  the  rolling,  to  see  that  the  rails  are  made  to  specification,  to 
superintend  the  tests  for  strength  and  welding  as  mentioned  above, 
in  order  to  insure  sufficient  strength  as  well  as  durability  of  the 
rails,  and  to  pass  and  stamp  each  rail  approved  of  before  it  leaves 
the  works.  The  inspector  to  be  appointed  and  paid  by  the  railway 
authorities,  and  to  furnish  them  with  weekly  reports  on  the  progress 
of  the  manufacture,  and  the  results  of  his  examination. 

In  the  inspection  of  ordinary  iron  rails  the  mode  of  manufacture 
is  left  entirely  to  the  makers ;  but  the  inspector  is  entitled  to  test 
the  rails  as  to  safety  and  exterior  correctness,  so  as  to  be  able  to 
certify  that  they  are  safe  to  run  on,  and  can  be  laid  without  diffi- 
cultv;  but  the  rails  are  not  to  be  stamped  as  extra,  and  only 
certified  as  an  ordinary  merchantable  rail. 

Comparative  Value  of  Rails  of  Different  Sections. — The  require- 
ments of  the  different  parts  of  a  rail  section,  such  as  base,  stem,  and 
head,  depend  upon  the  work  the  rails  have  to  perform.  As  light 
railways  have  proved  a  success  in  many  countries,  the  want  of  good 
standard  sections  for  light  rails  from  45  pounds  down  to  20  pounds 
per  yard  is  obvious.  Standard  sections  of  heavier  weights  have  been 
already  published.  Less  speed  and  lighter  traffic  being  expected 
from  li'dit  roads,  the  principle  of  making  the  base  equal  to  the 
heioht  of  the  rail  (adopted   in  the  case  of  heavy  sections)  can   be 
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modified ;  increased  stiffness  by  increase  of  height  is  in  this  case 
more  necessary.  The  annexed  standard  sections  for  light  rails  have 
been  designed  with  ^  inch  less  width  of  base  than  height,  the  head 
is  slightly  reduced,  tiie  stem  and  the  flange  reduced  as  thin  as  com- 
patible with  easy  rolling. 

The  fastenings  are  somewhat  lighter  than  adopted  for  standard 
sections  for  heavy  rails.  The  weii>;ht  of  the  sections  is  reduced  5 
pounds  per  yard  for  every  quarter  of  an  inch  of  reduced  width  and 
height,  starting  with  3}  inches  by  3-J  inches  for  45  pounds  down  to  2  J 
inches  by  2J  inches  for  20  pounds.  Intermediate  sections  graduating 
J  inch  for  every  2 J  pounds  per  yard  can  easily  be  designed  on  the 
same  principle.     These  sections  possess  sufficient  wearing  surface  in 


COMPARATIVE   CAPACITY    AND    COST    OF    RAILS    FOR    LIGHT    RAILWAYS. 


-  -"  ■' 

■-sh 

-=  — 'H  "" 

Dead  load  on  rail, 
2ft.  6  ill.  supporLs 
without     perma- 
nent set. 

COST  OF   METAL  FOR   OXE   ENGLISH   MILE  SINGLE   LINE   F.  0.  B.  ENGLISH   TORT. 

?'  tc 

%  5 

r,  k' 

£  Z 

£ 

588 
521 
470 
405 
341 
279 

698 

1 

RAILS. 

FISH-PLATES. 

BOLTS  AND  NUTS. 

SPIKES. 

lbs. 

45 

40 

35 

30 

25 

20 

fit 

(Erie 
section) 

Tons. 

9 

5 

2 
10V<^ 

T.  C.  Q.  lbs.      £  s.  d. 
71  14  1     4  at  7    7  6 
G2  17  0  16   "    7    7  6 
55    0  0    0   "   7  12  6 
47     2  3  17  "    7  12  6 
39    5  2  24  "    7  15  0 
31     8  2    8  "    7  15  0 

96    0  0    0  '<    7     0  0 

T.  C.  Q.  lbs.      £  s.  d. 
2    5  2    5  at    8  10  0 
2    3  0  17   "     8  10  0 
2    0  3     1"     9     0  0 
18  3    2"      9  10  0 
1    6  1  14   "    10    0  0 
1     3  3  26   "    10    0  0 

T.  C.  Q.  lbs.      £  s.  d. 
0  18  0  0  at    15  0  0 
0  18  0  0    "     15  0  0 
0  12  0  0    "     17  6  U 
0  11  0  0    "     17  6  0 
0     7  0  0    "     20  0  0 
0    6  2  0"    20  0  0 

T.C.Q.  lbs.      £s.d. 
1  17  0    0  at  14  0  0 
1  17  0     0    "   14  0  0 
1     9  0    0    "   15  0  0 
1    9  0    0   "    15  0  0 
0  19  0    0    "   17  6  0 

0  19  0    0    "  17  6  0 

1  17  0    0    "  14  0  0 

the  head,  provided  the  extra  quality  is  secured  by  proper  specifica- 
tion and  inspection  and  the  flanges  possess  sufficient  width  to  insui-e 
stability.  The  accompanying  table  shows  what  these  standard  sections 
will  carry  in  dead  weight  before  taking  permanent  set  as  compared 
with  the  old  Erie  section.  The  Erie  pattern  of  61  pounds  per  yard 
offers  no  more  advantages  than  the  annexed  45-pounds  section,  and 
will  make  a  weaker  road,  not  being  fished.  The  same  table  shows 
also  the  cost  of  metal  for  one  mile  of  single  line  of  the  different  sec- 
tions according  to  the  present  market  price,  allowing  7s.  Gd.  per  ton 
more  for  the  45-pound  standard  section  than  for  the  Erie.  The 
lighter  sections  are  calculated  at  an  increased  price.     The  Erie  pat- 
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tern,  without  fishing,  cost  £110  per  mile  more  than  the  mile  laid 
with-  the  45-pound  standard  section,  showing  a  saving  of  £1  10s. 
per  ton  on  the  standard  pattern,  and  there  can  hardly  be  a  question 
that  the  light  45-pound  rail  will  make  as  good,  if  not  a  better  road. 
This  only  shows  the  importance  of  designing  sections  suitable  for  the 
work  they  have  to  perform,  instead  of  adopting  the  cheapest  form 
manufactured. 

The  principal  advantages  of  using  properly  designed  sections  may 
be  summoned  up  thus  :  Cheapness,  increased  durability,  and  there- 
fore safety  and  decreased  cost  of  maintenance,  not  to  speak  of  the 
saving  in  cost  of  transport  from  the  seat  of  manufacture.  In  order 
to  secure  a  good  road,  strong  joints  are  indispensable.  With  the 
simple  and  inexpensive  fish  ordinarily  used,  the  form  of  the  rail 
section  is  of  the  greatest  importance. 

These  new  standard  sections  have  been  designed  with  the  view  of 
securing  the  greatest  possible  depth  and  grip  in  the  fish-plate  com- 
patible with  easy  manufacture,  and  are  founded  on  the  experience 
obtained  in  the  inspection  of  the  light  rails  for  the  Scandinavian  rail- 
ways. With  the  ordinary  pear-shaped  form  of  rail-head,  the 
shoulders  offer  no  resistance  to  the  fish-plates  ;  the  difference  of  angles 
in  the  shoulder  and  foot  of  the  rail  will  not  admit  of  a  reversible 
fish-plate.  The  effect  is  that  the  joint  of  these  sections  will  only 
carry  a  load  of  say  one-third  of  what  the  rail  will  carry  in  the  middle 
of  its  length  for  the  same  deflection. 

The  standard  sections  will  carry  at  the  joint  two-thirds  of  the  load 
they  will  carry  in  the  middle  of  their  length.  Increased  safety  and 
great  economy  in  rolling  stock  is  the  result  of  a  good  continuous 
road. 

For  instance,  the  standard  section,  40  pounds  per  yard,  is  calcu- 
lated to  carry  9  tons  in  the  middle  of  its  length  2  feet  6  inches  bear- 
ings, and  the  joint  6  tons,  but  as  the  sleepers  are  not  so  firm  as  the 
supports  in  a  testing  machine,  the  rail  in  the  road  should  only  be 
loaded  with  from  J  to  f  of  this  latter  stress,  varying  according  to 
the  distance  between  the  axles,  say  from  3  to  4  tons  per  driving- 
wheel,  or  6  to  8  tons  per  axle.  The  weakness  of  road  at  the  joint 
can  to  some  extent  be  compensated  by  laying  the  sleepers  closer,  say 
1  foot  6  inches  between  centres,  for  which  the  rails  are  notched,  and 
gradually  increasing  the  distance  to  2  feet  9  inches  in  the  middle. 
Where  the  joint  is  supported  the  notches  are  2  inches  from  end  of 
rail  requiring  a  stouter  sleeper,  but  on  the  Swedish  and  Norwegian 
railways  the  suspended  joint  is  preferred. 
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APPENDIX  III. 

EFFECT  OF  NOTCHING.* 

TABLE  NO.  I. 
ENGLISH   STEEL    RAILS. 


Tests  made  with  67 -pound  Flange  Rails  of  Bessemer  Steel  to  Ascertain 
the  Loss  of  Strength  against  Impact  through  Notching  the  Flanges. 


\ 


RAILS  WITHOUT  NOTCH. 

SAME   RAILS  TESTED    IN 

THE  NOTCH. 

Rail 

No. 

Wei -lit, 
of  ball. 

of  fall. 

Deflection. 

Weight 
of  ball. 

Heiftht 
of  fall. 

Result. 

cwt. 

fOPt 

inches. 

cwt. 

feet,  inches 

1 

10 

20 

5 

10 

5 

broke 

2 

" 

11 

4K 
4^1 

" 

4 

stood 

3 

ii 

ti 

(1 

4          6 

stood 

4 

<i 

<i 

4:% 

C( 

5 

broke 

5 

" 

414 

II 

4          6 

broke 

6 

4K 
4% 

i< 

4 

stood 

7 

(1 

(( 

II 

4 

stood 

8 

<i 

4^ 

<i 

4          6 

stood 

9 

" 

5 

II 

5 

broke 

10 

(1 

<( 

^Vi 

II 

4          6 

broke 

11 

a 

i( 

4J'^ 

a 

4 

stood 

12 

i( 

<i 

4% 

II 

4 

stood 

Average  Re 

suit.— 'RaW  without  notch  10  cwt.  X  20  fc 

et  =  200 ;  rai 

with  notch  10  cv 

-t.  X  4  feet  =  40. 

Notchiug  \ 

veakens  tho  rail  by  at  least  80  per  cent 

*  From  a  pamphlet  by  the  author  on  the  Safety  of  Permanent  Way. 
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TABLE  NO.  II. 
FRENCH    STEEL    RAILS. 

Tests  made  with  QG-pound  Flange  Rails  of  Bessemer'  Steel  to  Ascertain 
the  Loss  of  Strength  against  Impact  through  Notching  the  Flanges. 


RAILS  WITHOUT  NOTCH. 

SAME  RAILS  TESTKD  IN  THE  NOTCH. 

05  i2 

<D^ 

°  9. 

5" 

REMARKS. 

Weight 
of  ball. 

Height 
of  fall. 

Deflec- 
tion. 

Weight 
of  ball. 

H^-ight 
of  fall. 

Deflection. 

ft.    in. 

cwt. 

feet. 

inches. 

ft.    in. 

cwt. 

4 

u 

ft.  in. 
1      7 
1      7 

inches 
broke 
broke 

"1      1.       Square 
1  notch,        ma- 
!  chine-made    1 
^nchlongX^ 

3       8 

20 

10 

2% 

3       3 

(( 

2      7 

broke 

3      3 

broke 
stood 

in. deep,  sharp 
J  corners. 

1      2.       Similar 

4 

1      7 

2      3 

1  notch  to  above 

3       8 

20 

10 

2^^ 

3       3 

(( 

2  7 

3  3 

stood 
broke 

l^but    with    in- 
ner     corners 
rounded. 

- 

8 

13      0 

214 

o  p 

t( 

(1 

2d  blow 

-C  aj 

3       8 

20 

10 

23^ 

3        3 

11 

i( 

" 

I   =  5 

8 
(1 

13      0 

1% 

3^ 

1st  blow 
2d  blow 

3.  Halfro 
ne  inch  di 
y  hand. 

CJ2\ 

Average  Result— Uail  without  notch  20  cwt.  X  10  feet  =  200.    1. 

Square  machi 

ne-made  notch  4 

cwt.  X  1' 7"  =  6^,  thus  diminishing  strength  by  97  per  cent.; 

2.  Similar  note 

3h  with  corners 

rounded  1-16"  radius,  4  cwt.  X  2' 7"==  10,  or  95  per  cent,  less  stn 

jngth  than   ui 

(notched  rail;  3. 

Half-round  notch  8  cwt.  X  13  feot  =  104,  or  50  per  cent,  less  stren 

gth. 
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t 


¥ 


TABLE  NO.  3. 
WELSH   IRON   RAILS. 

Tests  made  with  70-pound  Flange  Bails  to  ascertain  the  Loss  of 
Strength  against  Impact  through  Notching  the  Flanges. 


RAILS  WITHOUT       | 

SAME  RAILS  TESTKD 

NOTCH 

IN  TiJK  NOTCH. 

^  3 

i!  S 

a  ~ 

O 

-u     . 

a 
o 

^  a. 

o 

-u      . 

o 

REMARKS. 

■-?   to 

TjL  :- 

.Sf3 

a: 

'ii.H 

« 

O 

cwt. 

K=B 

o 

cwt. 

1-1   o 

o 

0 

ft.  ill. 

feet. 

iuchcs. 

ft.  in. 

feet. 

inches. 

3    6 

10 

7 
10 

1  .•? 

T  6 

2  1 

16 

"1  1.  Notched  with  2  notches  1  in.  by 
r          5    iu.  uot  opposite  each  other. 

cracked. 

3    6 

10 

7 

1  3 
T6 

3    6 

10 

7 

,^l 

{?..  Notched    with      2     same    sized 

(1 

a 

10 

1st  blow. 

2 
2d  blow. 

(( 

(1 

10 

brt'ke. 

]         notches  opposite  each  other. 

3    6 

10 

7 

u^ 

J  3,  Notched  with  1  same  sized  notch 

(( 

(1 

10 

broke. 

j         only. 

A  verage  i 

Result.— 1\^\\  without  notch,  10  cwt.  X  10  feet  = 

100.   Rails  with  notch,  1.  10  cwt.  X  7 

feet.  =  70 

;  2.  10  cwr.  X  ^  feet  =  70  ;  3.  10  cwt.  X  7  feet 

=  70. 

Notching. 

,-  weakoiis  Welsh  iron  rails  30  jjer  ceut. 
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TABLE  NO.  4. 
CLEVELAND   IRON   RAILS. 

Tests  made  unth  GO-j)ound  Flange  Rails  to  Ascertain  the  Loss  of 
Strength  against  Impact  through  Notching  the  Flanges. 


ll 

KAILS  WITHOUT  NOTCH. 

02 

S  5 
-  a, 

O 

SAME  RAILS  TESTED  IN  THE  NOTCH. 

O 

O 

a 
.2 
o 

REMARKS. 

Ci-I 

O 

-a  — 
ttrz 

O 
1— 1 

d 
.2 

o 

ft 

REMARKS. 

ft.    in. 

3        6 

(1 

cwt. 
6 

ft.    in. 

6      6 

8 
10 

inches. 

•% 

1 

broke 

ist  blow. 
2(1      " 
3d      " 

ft.    in. 

3        6 

It 

i( 

cwt. 
6 

ft,    in. 

5 
5 

inches, 
broke 

1st  blow. 
2d     " 

(( 

(1 

6      6 

8 

1 1 

33 

broke 

1st  blow. 
2d      " 

(1 

11 

5 

broke 

1st  blow. 

" 

(1 

K  ■ 

6      & 

8 
8 

broke 

1st  blow. 

2d     " 
3d     " 

K 
l( 

(1 

4      6 
5 

3 
16 

broke 

1st  blow. 
2d     " 

11 

Cl 

l( 

6      6 
6      G 

5 
16 

broke 

1st  blow. 
2d      " 

1( 

4      6 

broke 

1st  blow. 

(1 

6      6 

8 

8 

5 
]  6 

% 
broke 

1st  blow, 

2d      " 
3d      " 

(1 

4      6 
(1 

3 

1  6 

broke 

1st  blow. 
2d      " 

(1 
l< 
11 

U 

7 

8 
8 

% 

1 

broke 

1st  blow. 

2d      " 
3d     " 

l( 
(I 
(t 

11 

4 
5 

3 

1  6 

broke 

* 

1st  blow. 
2d      " 

u 
11 

U 
1( 

7 
7 
7 

% 
broke 

1st  blow. 
2d      " 
3d      " 

'' 

4      6 

broke 

1st  blow. 
2d     " 

Average  Iiesidt.—na.\\  without  notch  6cwt.  X  «  feet  =  48 ;  Rail  with  notch  6  cwt.  X  4  feet  =  24. 
Notching  weakens  Cleveland  iron  rails  50  per  cent. 

The  conclusions  from  the  experiments  shown  by  the  tables,  every 
railway  engineer  may  see,  are : 

1st.  The  necessity  of  carefully  testing  the  rails  for  concussion  be- 
fore they  are  laid,  as  an  engine  running  over  them  at  30  to  50  miles 
per  hour  will  act  as  impact  or  shock. 

2(1.  That  notching  of  steel  rails  (as  destructive  to  the  resistance 
against  impact)  shall  be  either  entirely  abandoned,  which  may  be 
done  when  the  angle  fish-plate  is  employed,  or  take  place  at  the  cor- 
ners only. 
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APPENDIX  IV. 
INSPECTION   BOOK. 
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BALL   TEST   TO   ASCERTAIN   THE    STRENGTH    OF   THE    RAIL. 


Date, 


Distance  of 
Supports. 


Height  of  Fall. 

Weight  of  Ball. 

Deflection. 

Remarks. 

FRACTURE   TEST   TO   ASCERTAIN   THE   WELDING    OF    RAIL-HEAD. 


Date. 

Broken 
under 
Prt'ss. 

Broken 
under 
Ball. 

IS^icked  on 
Flange. 

Nicked  ou 
Head. 

Description  of 
Fracture. 

Remarks. 

• 
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TEST   TO   ASCERTAIN   THE   STIFFNESS   OF    RAIL   BY   LEVER. 


Date. 

Distanc(M)f 

SlippiJjtS. 

Dead  weight. 

Deflection. 

Teinporai'v. 

Permanent. 

Ri'iiiarks. 

1 

TEST  TO   ASCERTAIN  THE  SOUNDNESS   OF   THE  TOP  SLAB. 


Date. 

Puddle 
balls. 

Rolled.          j 

Descrii)tioii  of  fracture. 

Edge- 
ways. 

ililcKiiess  ot 

Flat-             .sl;'l>- 
ways.             niches. 

1 

i 
1 

Nut  welded. 

Welded. 

U  marks. 
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APPENDIX  V. 


Ordered  by 
No.  of  order 


Rolled 
Passed 
Section  :• 
Weiglit 

Tests  as  to 
Stren«/th 
Stiffness 
Weldini:^ 

Progress 

Remarks 


RAIL  INSPECTION   REPORT. 


Works,  the 


tons 


lbs. 


188 


per  yard. 
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APPENDIX  VI. 


188 

No. 


inspector's   CERTIFICATE. 


Order  Tons 

Normal  weight  per  English  yard  Lbs. 


The  following  Rails,  Fish-plates,  Bolts  and  Nuts,  ordered  by 

made  at  the  Works  ,  have  been  inspected  and  found  according 

to  Specification.     All  Rails  approved  and  passed  are  stamped  with  a  crown  at  one 

end.     The  Rails  are  branded  on  the  web  with  Maker's  Name  and  year  of  manufac 

ture. 


REMARKS. 


No.  of  bars.      Length.  Tons.  Cwts.        Qrs.         Lbs 


The  above  weight  of  Rails  is  only  certified  to  be  within  the  limits  of  Specifica- 
tion.    Makers  are  responsible  for  full  weight  as  per  Invoice. 

Inspecting  Engineer. 
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APPENDIX  VII. 
EXTRACT   FROM   ARTICLE    IN    ENGINEERING,  OCTOBER  IOtII,  1879. 

What  is  really  wanted  is  to  straighten  the  rail  hot,  and  this  is 
now  done  in  America  by  rollers  as  the  rail  passes  from  the  saw  to 
the  hot  bench  for  cooling.  The  arrangement  consists  of  three  pairs 
of  vertical  flat  rolls  of,  say,  1  foot  in  height  and  diameter,  all  placed 
in  a  line  one  after  the  other,  the  three  on  the  one  side  to  touch  the 
bottom  of  the  rail,  the  others  on  the  head,  the  rail  passing  through 
in  the  same  positions  as  it  comes  out  from  the  rolls.  The  rollers  are 
movable  horizontally  in  order  to  give  the  rail  the  required  camber 
to  get  straight  when  cooled.  The  rails  rolled  to  two  or  three  lengths 
are  cut  and  carried  on  horizontal  rollers  till  these  vertical  rollers 
catch  them,  taking  out  all  twist,  if  there  be  any,  and  giving  the 
camber  required  by  setting  the  middle  rolls  by  screws. 

The  cooling  bench,  where  the  rail  is  placed  afterwards,  must  be 
perfectly  level,  as  otherwise  the  rails  would  bend  accordingly,  and  the 
result  is  an  almost  straight  rail  when  cold,  with  no  twist  whatever. 
It  has,  of  course,  to  go  through  the  press,  but  the  work  is  very  ma- 
terially lessened,  so  that  the  number  of  presses  or  sets  of  men  may 
be  reduced,  or  the  more  time  bestowed  upon  doing  the  straightening 
better.  The  advocate  of  this  mode  of  hot  straightening,  at  least  at 
some  rail-works  in  America,  is  Mr.  Alexander  L.  Holley,  who  has 
done  so  much  to  enable  the  rail  makers  of  the  States  to  hold  their 
own, — -we  may  say  almost  too  much  to  be  agreeable  to  this  side. 

On  a  recent  visit  to  this  country,  as  well  as  the  Continental  rail- 
works,  Mr.  Holley  spoke  very  warmly  on  this  method,  and  if  asked 
he  would  no  doubt  furnish  drawings  and  detailed  descriptions  of  the 
arrangements  based  on  his  extensive  practice  in  laying  out  rail  works 
and  machinery  for  their  manufacture  in  America.  It  would,  of 
course,  require  longer  experience  to  speak  of  this  method  as  being 
perfect  to  answer  the  purpose  aimed  at,  viz.,  a  simple  method  of 
straightening  the  rail  hot  as  it  comes  from  the  rolls,  so  that  it  could 
be  left  alone  from  any  rough  mechanical  treatment  cold,  save  that  of 
drilling  the  bolt-holes.  It  is,  however,  a  step  in  theright  direction, 
and  therefore  worthy  of  adoption,  or,  at  least,  investigation  by  Eu- 
ropean railmakers,  particularly  if  they  have  to  guarantee  the  rails 
for  ten  years. 

From  the  point  of  view  of  safety  it  is  of  importance,  as  it  treats 
the  rail  all  through  equally,  whereby  that  uniformity  of  strength  so 
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much  desired  is  not  spoilt.  This  is  more  especially  of  interest  to 
those  railmakers  wlio  are  compelled  to  use  inferior  ores  with  excess 
of  phosphorus  and  silicon.  But  even  to  others,  who  use  pure  ores, 
producing  a  soft  steel  of  a  strength  that  surpasses  the  most  rigid 
tests,  in  fact  ten  times  more  than  is  required  for  its  use,  it  is  of  in- 
terest as  a  safeguard  against  occasional  hard  blows  ;  and  to  the 
engineer  it  would  give  a  harder  and  better-wearing  rail  without 
risk  of  fractures.  From  the  point  of  view  of  economy  it  must  be  a 
saving  in  the  manufacture,  in  the  exchange  of  manual  labor  to  that 
of  machinery.  The  cost  of  construction  of  the  straightening  ap- 
paratus is  but  small  and  amply  compensated  by  saving  part  of  the 
presses  and  labor  in  straightening  cold.  The  space  it  occupies- is  but 
small  compared  to  the  benchroom  saved  by  getting  less  rails  to  re- 
straighten  and  haul  from  the  inspection-benches  to  the  presses.  Time 
is  also  saved  by  turning  out  more  work  fit  to  go  at  once,  by  which 
the  stock  of  the  rails  in  the  yard  is  kept  low,  so  that  a  better  control 
can  be  kept  by  the  maker  on  the  progress  and  execution  of  each 
order,  without  having  to  stop  to  take  stock  of  all  rails  in  the  yard 
to  be  restraightened  before  the  balance  can  be  rolled.  From  every 
point  of  view  it  ought  to  be  a  saving,  and  any  such,  however  small 
it  might  be,  is  worth  having  in  these  hard  times.  The  immense 
progress  of  late  in  rail  making  is  best  shown  by  the  fact  that  double 
the  quantity  now  produced  has  not  been  followed  up  by  a  double  set 
of  presses  and  men  to  straighten  this  increased  quantity,  and  it  there- 
fore seems  that  this  new  method  comes  to  the  rescue  just  at  the  right 
moment. 

APPENDIX  YIII. 

GERMAN   SPECIFICATIONS    FOR   STEEL   RAILS. 

ITo.  1. 

Iranslation  of  an  Extract  from  the  Report  of  the  Minister  of  Trade 

and  PuhiiG  Worhsj  Berlin^  September  2dth,  1878. 

1 .   Tenders : 

1.  Tenders  for  the  delivery  of  rails  should,  as  a  rule,  be  obtained 
by  advertising.  The  management  of  the  railway  is  at  liberty  to 
accept  or  reject  any  bids.  When  the  rails  are  urgently  needed  the 
order  may  be  given  directly  to  a  maker  selected  by  the  directors, 
without  previous  advertisement. 

2.  Tests  for  Quality: 

1.  Heavy  rails  (more  than  30  kilos  per  meter)  must,  when  placed 
on  supports  1  meter  apart  be  able  to  sustain  2  blows  from  a  ball  of 

VOL.  IX. — 16 
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600  kilos  in  weight,  falling  5  meters,  without  fracture  or  any  injury. 
For  licrhter  rails,  as  27.5  kilos  per  meter,  the  height  of  fall  is  to  be 
reduced  to  2.75  meters. 

2.  Heavy  rails,  when  placed  on  bearings  1  meter  apart,  and  loaded 
with  20,000  kilos,  and  light  rails  when  placed  on  supports  0.8  m. 
apart,  and  loaded  with  14,000  kilos,  must  not  show  a  higher  per- 
manent set  than  0.25  mm. 

3.  Heavy  rails,  when  on  bearings  1  meter  apart,  must  sustain  a 
deflection  on  the  head  of  at  least  20  mm.,  and  on  the  flange  at  least 
50  mm.,  without  showing  any  fracture.  All  lighter  rails  must  be 
able  to  sustain  a  deflection  of  50  mm.  on  head  as  well  as  on  flange 
without  cracking. 

4.  The  material  for  the  rails  must  have,  as  a  minimum,  an  ulti- 
mate tensile  strength  of  50  kilos  per  square  mm.,  an  elongation  of 
12  per  cent.,  and  a  contraction  of  20  per  cent. 

3.  Section  and  Weight  of  Rails : 

A  variation  in  length  is  allowed  of  +  3  mm.  and  in  height  of 
+  0.25  mm.,  and  in  the  width  of  flange  of  +  1  mm. 

No  rails  will  be  wanted  longer  than  9  meters. 

The  maker  may  deliver  ^^  of  the  order  in  shorter  lengths,  subject 
to  an  agreement  with  the  company  with  respect  to  these  shorter 
lengths. 

Rails  which  are  2  per  cent,  under  weight  or  3  per  cent,  over  weight 
will  not  be  rejected,  but  the  rails  in  the  first  case  shall  be  invoiced 
at  the  actual  weight,  and  in  the  second  case  at  not  more  than  1  per 
cent,  over  weight. 

The  holes  in  the  rails  are  to  be  drilled. 

4.  Technical  Inspection  : 

For  large  orders  it  is  advisable  to  allow  the  maker  to  have  the 
tests  made  at  his  works.  It  is,  in  such  case,  required  that  the  in- 
spector appointed  by  the  railway  management  shall  have  the  right 
of  entrance  to  the  works,  and  of  obtaining  any  information  respect- 
ing the  manufacture  he  may  deem  necessary. 

The  tests  are,  as  a  rule,  not  to  be  made  on  more  than  J  per  cent, 
of  the  order,  but  may,  when  required,  be  made  on  1  per  cent. 

The  acceptance  of  the  rails  by  the  railway  company  takes  place  at 
the  point  of  delivery. 

6.   Caution  Money : 

During  the  delivery  caution  money  to  the  extent  of  5  per  cent,  of 
the  amount  of  the  contract  shall  be  deposited  by  the  maker,  but  after 
the  delivery  2 J  per  cent,  of  this  amount  only  shall  be  required. 

6.  Delivery  of  more  or  less  than  the  Contract : 
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The  maker  agrees  to  deliver  5  percent.,  more  or  less,  of  the  origi- 
nal quantity  at  the  request  of  the  railway  company,  when  made  not 
later  than  4  weeks  before  the  expiration  of  the  time  of  delivery. 

7.  Guarantee : 

The  time  of  guarantee  for  the  rails  is  7  years,  beginning  on  the  1st 
of  January  of  the  year  after  the  delivery,  and  is  independent  of  the 
rails  being  used  at  once  or  not.  As  a  rule  those  rails  which  do  not 
last  the  time  of  guarantee  shall  be  replaced  by  new  ones,  but  the 
maker  may  also  pay  for  them,  if  satisfactory  to  the  railway  company, 
according  to  the  original  price  if  he  prefers.  The  old  rails  are  to  be 
put  at  the  disposition  of  the  maker.  For  the  new  rails  the  time  of 
guarantee  ends  at  the  expiration  of  the  time  for  the  original  contract. 

Those  rails  are  excepted  from  the  guarantee  which  are  notched 
and  break  through  the  notches;  further,  those  which  are  damaged  by 
accidents,  or  by  some  rough  treatment  essentially  different  from  or- 
dinary wear  and  tear. 

8.  Payment: 

A  fortnight  after  definite  acceptance  of  the  whole  order,  or  a  part 
of  it  (the  part  not  to  be  less  than  250,000  kilos),  the  certificate  of 
inspection  is  issued,  and  6  weeks  afterwards  payment  is  to  be 
made,  or,  if  not,  the  reasons  for  the  delay  communicated  to  the 
maker. 

9.  Arbitration: 

The  railway  management  reserves  the  right  to  submit  differences 
which  may  arise  to  a  committee  consisting  of  three  persons,  one 
chosen  by  each  party  and  the  third  by  the  two  thus  chosen. 

When  the  matter  is  of  but  little  importance,  or  for  other  reasons 
reference  to  one  arbitrator  is  thought  best,  it  is  advisable  not  to  select 
any  of  the  royal  officials. 

No.  2. 

Specification  of  the  Berlin- Hamburg  Railway, 

Section  3.  Section  and  Length. — Referred  to  the  correspondence. 

Sec.  4.  Fish-bolt  Holes  and  Notches. — Every  rail  is  to  receive  at 
both  ends,  for  the  reception  of  the  fishbolts,  two  holes,  according  to 
the  drawing  handed  to  the  contractor,  and  exact  to  template  to  be 
delivered  to  him.  Tiiese  holes  must  be  drilled,  and  must  on  no 
account  be  punched.  There  are  not  to  be  any  notches  in  the  flange 
of  the  rail. 

Sec.  5.  Weight. — The  weight  of  the  rail  shall  be  23.8  pounds  per 
running  foot  Rhenish,  or  37.9  kilos  per  meter.     An  excess  weight 
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of  two  per  cent,  is  permissible;  should,  however,  a  strict  adherence 
to  the  form  and  dimensions  of  the  section,  which  is  hereby  made  an 
express  condition  for  the  reception  of  the  rails,  cause  a  greater  dif- 
ference in  weight,  such  greater  excess  will  not  be  made  good.  A  de- 
ficiency in  weight  makes  the  rails  unserviceable,  and  excludes  them 
from  acceptance. 

Sec.  6.   Place  of  Delivery. — Referred  to  correspondence. 

Sec.  7.  Time  of  Delivery. — The  period  within  which  the  rails  are 
to  be  delivered  is  specially  agreed  upon.  In  case  of  a  delayed  de- 
livery the  company  is  empowered  to  purchase  the  deliveries  iu  arrears 
at  any  price,  at  the  risk  and  cost  of  the  contractor. 

Sec.  8.  llanufadure. — The  rails  are  to  be  straight  throughout, 
and  must  not  be  warped  ;  they  must  not  show  any  cracks  or  any 
other  imperfections;  also  they  must  be  rolled  to  the  prescribed  sec- 
tion throughout  the  entire  length.  The  ends  of  the  rails  must  not 
be  cut  by  means  of  shears,  which  flatten  the  section,  but  by  the 
saw;  moreover  the  operation  may  be  done  at  once,  and  while  the 
rail  is  in  a  warm  state,  if  thereby  no  deviation  from  the  prescribed 
length  of  the  rail  is  caused.  The  cut  surface  of  the  rail  must  be 
smooth  and  even,  and  normal  to  the  axis  of  the  length,  and  must  be 
freed  from  all  rough  edges.  After  the  rails  are  cut  they  must  not 
be  reheated,  and  no  repairs  are  allowed  either  in  a  cold  or  in  a  warm 
condition. 

Sec.  9.  31aterial. — The  material  for  the  rails  must  be  equal  to  the 
prescribed  tests,  must  be  faultless  throughout,  must  show  no  slag, 
and  must  be  thoroughly  welded  throughout.  The  fracture  must 
show  a  homogeneous  texture.  The  material  must  possess  at  least 
a  cohesion  of  5700  kilos  per  square  cm.,*  and  a  contraction  at  the 
point  of  fracture  of  at  least  35  per  cent. 

Sec.  10.  Tests. — The  rail,  when  placed  upon  the  flange  and  receiv- 
ing the  pressure  on  the  head,  must  sustain,  without  cracking  or 
breaking,  a  curvature  of  one-twentieth  of  the  free-lying  length,  also 
of  50  ram.  with  the  bearings  1  m.  apart.  With  increased  loading 
the  fracture  must  not  occur  suddenly.  With  a  dead  weight  of  1 5,000 
kilos  upon  the  middle,  between  bearings  1  m.  apart,  there  must  be 
no  permanent  set  after  the  weight  has  been  on  several  hours.  The 
rail  must  also  allow  of  being  bent  permanently  sideways,  while 
cold,  to  a  radius  of  50  meters  ;  also,  when  thrown  from  a  height  of  2 
meters  upon  a  hard  surface,  the  rails  must  suifer  no  dauiage. 

Sec.  U.  Reception. — Referred  to  the  correspondence. 


*  81,070  pounds  per  square  inch. 
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Sec.  12.  Control  of  the  Manufactwe. — The  railway  company  is 
empowered  to  appoint  an  inspector  who  will  have  the  right  to  be 
present  at  all  the  processes,  and  to  test  the  rails  as  required,  for 
which  j)nrpose  all  requisite  tools,  etc.,  are  to  be  placed  at  his  disposal. 
Should  one  rail  out  of  a  rolling  not  stand  the  conditions  required 
the  inspector  will  reject  the  whole  rolling,  and  no  more  rails  may  be 
rolled  out  of  material  of  the  same  preparation.  The  contractor  must 
further  conform  to  any  representations  of  the  inspector  regarding  the 
form  or  length  of  the  rails. 

Sec.  13.  Uarhing. — The  rails  must  all  bear  the  year  of  manufac- 
ture and  the  maker's  name. 

Sec.  14.  Guarantee. — Within  ten  years  from  the  date  of  the  laying 
of  the  rails,  all  rails  which  break  or  show  defects  such  as  in  the  opinion 
of  the  officer  render  them  unserviceable,  in  consequence  of  the  ordi- 
nary traffic,  and  not  on  account  of  accidents  such  as  collisions,  are 
to  be  replaced  in  this  manner  by  the  contractor,  viz.,  by  payment  to 
the  company  of  the  difference  between  the  value  of  the  old  rails  and 
new  rails.  For  the  estimation  of  this  difference  the  worth  of  the 
rails  will  be  determined  according  to  the  price  which  the  railway 
company  pay  for  new  rails  and  receive  for  old  ones  in  the  year  when 
the  exchange  takes  place. 

Sec.  15.  Determination  of  the  Rails  to  be  Replaced. — A  register  of 
the  rails  having  to  be  replaced  within  the  guaranteed  time  will  be 
kept  in  the  technical  bureau  of  the  railway,  and  the  contractor 
recognizes  such  as  indicative  of  the  replacement  to  be  made  by  him. 
The  contractor  has  the  right  to  make  a  survey  of  the  rails. 

Sec.  16.  Decision  of  Disputes. — The  decision  whether  the  rails  are 
in  accordance  with  the  prescribed  conditions,  and  therefore  deliver- 
able, and  whether  the  rails  to  be  exchanged  are  unserviceable,  and 
therefore  to  be  replaced  at  the  cost  of  the  contractor,  rests  with  the 
inspector  intrusted  with  the  reception  and  the  exchange.  Disputes 
between  him  and  the  contractor  will  be  decided  by  the  technical 
director  of  the  railway  company  finally. 

Sec.  17.  Caution  3Ioney. — For  the  punctual  fulfilment  of  the  obli- 
gations undertaken  the  contractor  has  to  deposit,  as  security,  five  per 
cent,  of  the  amount  of  the  contract.  If  the  deposit  is  made  in  interest- 
bearing  securities  the  bonds  are  to  be  deposited,  not  the  coupons. 
The  repayment  of  the  deposit,  in  so  far  as  the  same  has  not  been 
forfeited,  will  be  made  after  the  expiration  of  the  guarantee.  If  the 
management,  during  the  course  of  the  guarantee,  consider  a  further 
deposit  necessary,  the  contractor  must  make  the  deposit  within  four- 
teen days. 
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No.  3. 

Specification  of  Steel  Rails  for  Berlin-Potsdam-Magdeburg 

Railway, 

Jjength. — 7.532  m.,  variation  2  ram.,  5  per  cent,  of  shorter  lengths 
not  less  than  4.708  ra. ;  also  a  certain  quantity  of  7.494  m.  for 
curves.  All  rails  diifering  from  the  normal  lengths  are  to  be  paint- 
marked  in  a  uniform  manner,  so  that  their  length  may  be  readily 
distinguished. 

Drilling. — The  fish-bolt  holes  must  be  drilled.  The  ends  of  the 
rails  are  to  be  cut  by  means  of  a  saw  and  not  sheared. 

Tests. — 1.  The  rails  must  sustain  a  weight  of  400  cwt.  on  bear- 
ings 1  meter  apart  for  several  hours  without  any  permanent  de- 
flection. 

2.  In  a  similar  manner  the  rail  placed  on  the  flange  is  to  be  bent  8 
centimeters  and  not  show  any  cracks  or  defects. 

3.  The  steel  must  be  hard  but  not  brittle,  and  tough,  and  must 
possess  a  minimum  breaking-strain  of  at  least  5500  kilos  per  square 
cm.,  and  a  minimum  contraction  of  at  least  35  per  cent,  of  the 
original  section. 

One  rail  in  each  hundred  may  be  broken  in  order  to  prove  the 
possession  of  these  qualities. 

Other  tests,  viz.,  with  the  falling  weight,  etc.,  will  be  made,  and 
persons  tendering  must  make  proposals  in  their  tenders  in  this  respect. 

Also,  tenders  will  be  received  for  rails  of  greater  tenacity  and  of 
corresponding  ductility  than  the  above. 

Should  the  rails  not  stand  the  above  tests  in  a  satisfactory  manner, 
or  if  the  section,  length,  etc.,  are  not  exact,  the  railway  company 
may  reject  the  whole  delivery. 

Weight. — The  normal  weight  of  each  delivery  v/ill  be  determined 
by  weighing  100  perfect  rails. 

In  general  the  weight  is  34.2  kilos  per  meter;  excess  weight  will 
only  be  paid  to  the  extent  of  2  per  cent.  Rails  weighing  more  than 
2  per  cent,  under  normal  weight  will  not  be  received. 

Inspection. — The  control  of  the  manufacture,  testing,  and  final 
reception  of  the  rails  will  take  place  at  the  works.  Should,  in  spite  of 
this  reception,  any  faulty  rails  be  found  when  coming  to  be  used, 
these  may  be  rejected. 

Delivery. — Delivery  to  be  free  on  board  at  Berlin  Station.  The 
delivery  must  be  hastened  as  much  as  possible,  but  must  be  com- 
pleted at  latest  three  months  after  adjudication  of  the  quantities. 
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Penalty. — Penalty  for  delay  :  1  per  cent,  of  the  value  of  the  de- 
livery for  the  first  week,  2  per  cent,  for  the  second  week,  and  3  per 
cent,  for  each  further  week.  In  case  of  delayed  delivery  the  rail- 
way company  may  also  levy  against  the  contractor. 

Caution  Money. — The  contractor  must  deposit  5  per  cent,  of  the 
value  in  bills  of  exchange,  with  the  understanding  that  the  non- 
fulfilment  of  the  obligations  entered  into  empowers  the  railway 
company  to  refund  itself  out  of  the  bills  for  any  loss  or  damage 
arising. 

Guarantee. — Guarantee  ten  years.  The  directors  may  choose  to 
settle  for  the  defective  rails  by  payment,  instead  of  having  them  re- 
placed by  new  ones. 

Payment. — Payment  takes  place  after  the  termination  of  each  de- 
livery through  the  chief  treasury  at  Berlin. 

APPENDIX  IX. 

LETTERS   REFERRING   TO   DR.    DUDLEY'S   PAMPHLET. 

Translation  of  a  Letter  from  P.  Ritter  von  Tunner  to  the  Author. 

'  In  your  letter  of  the  26th  inst.  you  ask  me  which  steel  rails  I 
consider  the  most  durable,  those  made  from  soft  or  those  made  from 
hard  steel.  The  answer  is  simple :  neither  the  harder  nor  the  softer 
rails  can,  in  this  respect,  be  considered  decisive,  the  ultimate  tensile 
strength  of  the  material  being  the  property  of  importance.  Since 
the  greatest  absolute  strength  does  not  coincide  with  the  greatest 
hardness  or  the  greatest  softness,  but  lies  between  these  extremes,  so 
must  the  greatest  durability  of  the  rail  lie  there  too. 

Besides  this,  it  is  my  opinion  that  not  only  the  durability  of  the 
rails,  but  pre-eminently  the  durability  of  the  tires  should  be  taken 
into  consideration,  for  the  tires  cost  about  three  times  as  much  as  the 
rails,  weight  for  weight.  The  harder  the  rails  the  more  must  the 
tires  suffer,  on  which  account  I  consider  hard  steel  rails  entirely  in- 
admissible  

Lkoben,  December  4th,  1879. 

Translation  of  a  Letter  from  Weber. 

....  Dr.  Dudley's  pamphlet  is  very  interesting,  but  the  experi- 
ments are  made  on  too  limited  a  scale  to  be  of  value.  In  Germany 
the  battle  between  iron  and  steel  rails  is  entirely  decided,  and  I  do 
not  believe  there  is  a  single  railway  of  importance  ordering  iron 
rails  to  be  laid  in  open  trackb.  Also  the  question  of  hard  and  soft 
steel  has  been  decided  in  favor  of  the  latter.  The  railway  manage- 
ment cannot  get  the  rails  soft  enough.     The  durability  of  the  soft 
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rails  is  quite  extraordinary,  and  causes  serious  anxiety  to  the  steel 
works.  The  wear  by  abrasion  is  excessively  small ;  the  renewal  on 
account  of  faults  is  also  very  small,  so  that  we  can  estimate  the  life 
of  soft  steel  rails  with  ordinary  traffic  at  twenty  to  twenty-five  years, 
while  the  life  of  good  iron  rails,  under  the  same  conditions,  is  only 
eight  to  ten  years. 

There  are  now  laid  down  in  Germany  more  than  half  a  million 
tons  of  soft  steel  rails,  which  are  subject  to  constant  inspection.  I 
am  preparing  to  collect  and  arrange  the  results  systematically,  and 
as  soon  as  the  work  is  ready  I  will  send  it  to  you 

November  29th,  1879. 

Letter  from  Edward  Williams. 

I   have  read  carefully  the  interesting  pamphlet  on  the 

chemical  composition  of  steel  rails  that  you  kindly  sent  to  me. 

Dr.  Dudley's  hypotheses,  though  ingenious  and  evidently  the  re- 
sult of  careful  experiments  by  an  able  man,  will  not,  I  believe,  be 
confirmed  by  experience  in  a  large  way. 

My  opinion  is  pretty  much  that  pithily  expressed  on  page  86  of 
the  pamphlet  by  Mr.  Jones,  of  the  Edgar  Thomson  Steel  Works., 
viz. :  "  The  first  thing,  in  my  opinion,  toward  making  a  good  ser- 
viceable steel  rail  is  to  make  a  sound  ingot,  free  from  porosity,  spon- 
giness,  or  honeycombs,  and  as  hard  as  is  compatible  with  safety." 

Much  harm  is  being  done  by  chief  engineers  of  railways,  who,  in 
their  dread  of  accident  from  breakage  of  rails,  specify  extreme  falling 
tests,  to  meet  which  makers  must  produce  rails  that  are  very  soft. 

To  my  mind  it  is  clear  that  the  harder  a  rail  is  the  better  for  a 
railway,  unless  while  it  is  hard  it  is  brittle. 

As  you  very  well  know  iron  rails  were  safe  against  brittleness,  if 
they  bore  the  shock  of  a  monkey  of  6  or  7  cwts.  falling  9  or  10  feet, 
and  I  have  never  been  able  to  guess  why  more  than  this  test  should 
be  insisted  upon  for  steel,  or  indeed  any  other  material  suggested  for 
rails. 

Let  the  ingot  be  as  sound  as  possible,  all  care  taken  against  over- 
heating (which  is  a  very  common  source  of  mischief),  and  the  rails, 
after  rolling  carefully,  treated  so  as  not  to  be  nicked  or  otherwise 
injured  in  the  processes  of  straightening  and  finishing,  and  there  will 
be  good  steel  rails  if  makers  are  not  forced  by  the  requirements  of 
inspecting  engineers  to  make  them  needlessly  soft. 

Such  is  my  opinion  for  whatever  it  is  worth,  and  at  your  conve- 
nience I  shall  be  glad  to  know  how  it  accords  with  your  own  and 
that  of  others  skilled  in  the  matter. 

Middlesbrough,  December  10th,  1879. 
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THE  WIIOTFEB  LOBE,  GUNNISON  COUNTY,  COLOEADO. 

BY  PROFESSOR  PERSIFOR  FRAZER,  PHILADELPniA. 

The  following  notes  on  the  Whopper  and  arljoining  mines  in  the 
Gunnison  district  of  Colorado  were  made  in  the  spring  of  this  year. 
The  time  chosen  for  the  author  to  visit  the  region  was,  unfortu- 
nately, the  most  unfavorable  of  an  exceptionably  unfavorable  year. 
About  the  middle  of  May  all  the  hill  slopes,  which  at  this  period  of 
the  year  are  generally  covered  with  pasture,  were  thickly  covered 
with  snow.  The  unusually  large  preci[)itation  of  this  year  caused 
local  mountain  torrents  at  every  few  hundred  feet,  which  wore  away 
the  soft  foothills  into  gulches,  gouged  great  chasms  out  of  the  roads, 
and  transformed  miles  of  usually  dry  soil  into  dangerous  quagmires. 
Travel  was  totally  interrupted  for  weeks,  except  on  horseback  or 
afoot,  and  even  then  with  great  difBculty  and  some  danger. 

The  Whopper  mine  is  situated  on  the  Whopper  Mountain,  about 
two  miles  from  the  headwaters  of  Rock  Creek,  and  on  the  right 
bank  of  that  stream.  The  Whopper  Creek  flows  into  Rock  Creek 
from  the  east,  and,  by  a  precipitous  descent,  offers  excellent  facili- 
ties for  its  utilization  as  a  source  of  power.  This  stream,  which 
pours  past  the  picturesque  Whopper  Cabin  about  thirty  tons  of 
water  a  minute,  has  a  fall  of  100  feet  in  400  yards,  and  is  said  to  be 
a  stream  of  some  size,  even  at  the  seasons  of  the  year  when  drought 
prevails. 

The  Whopper  claim  extends  down  the  hill  a  distance  of  about  250 
feet  to  its  intersection  with  the  Whopper  Creek  (on  the  other  side 
of  which  is  a  small  tunnel  on  its  extension  called  the  "Teller'')  and 
over  the  steep  hill  northwest  to  the  limits  of  the  claim  about  1250 
feet.  The  part  of  the  mountain  in  which  this  mine  is  situated  is 
remarkable  for  its  splendid  forest,  the  spruce,  fir,  and  quaking  asp 
covering  the  mountain-sides  with  a  green  growth  of  valuable  timber. 
The  distance  from  Gothic  City  to  this  mine  is  about  eight  miles 
along  the  valleys  of  East  River  and  Rock  Creek,  and  on  the  divide 
which  separates  them.  The  elevation  of  Gothic  City  is  given  from 
the  engineer's  notes  as  9500  feet  above  sea-level,  and  the  mean 
of  several  observations  with  a  Beck  watch-barometer  made  the 
elevation  of  Whopper  Cabin  (which  is  about  fifteen  feet  above  the 
floor  of  the  Whopper  upper  tunnel)  about  1250  feet  above  Skiles's 
Cabin  in  Gothic  City.     The  record  of  this  instrument  must,  how- 
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ever,  be  taken  with  caution,  as  its  performances  were  neither  con- 
sistent nor  otherwise  satisfactory. 

The  geographical  position  of  this  region  will  be  evident  from  a 
glance  at  the  accompanying  map,  which  includes  Leadville,  Gunni- 
son City,  ^nd  Gothic  City. 


GENERAL,  MAP 

SHOWING  THE 

DISTANCE  &,  DIRECTION 

FROM  EACH  OTHER  OF 

GOTHIC,  GUNNISON,  LEADVILLE  &c. 

FROM  Newton's  map 

by 

Persifor  Frazer. 


There  are  said  to  be  two  coal-fields,  situated  respectively  about 
four  and  five  miles  from  the  site  of  a  proposed  smelter,  which  will 
furnish  ample  and  suitable  fuel  for  its  use.  The  first  of  these  is  not 
far  over  tbe  divide  in  Washington  Gulch  ;  the  other  is  situated  down 
Rock  Creek,  and  is  said  to  be  a  seven-foot  vein  of  solid  coal,  well 
exposed. 

A  partial  analysis  of  a  coal  received  from  Mr.  J.  W.  Skiles,  Jr., 
and  said  by  him  to  have  been  taken  from  the  dumps  of  the  coal 
mines  situated  at  a  very  short  distance  from  the  town  of  Crested 
Butte,  where  the  road  leads  up  towards  Ruby  Camp,  was  made  by 
me.     It  is  a  brilliant  coal  of  low  specific  gravity,  high  lustre,  and 
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fair  tenacity.  It  cleaves  easily  into  small  fragments,  more  or  less 
cubical,  does  not  soil  the  fingers,  and  burns  with  a  whitish-yellow, 
luminous  flame,  like  cannel  coal. 

Per  cent. 
H3'groscopic  moisture,  .        .         .         .        .         .         .         .0.75 

Volatile  hydrocarbons, 28.85 

Asli  (of  brownish-cream  color), 4.48 

Fixed  carbon, 64.02 


98.10 


Fixed  carbon,  

Fuel  ratio,  .....     -rr,  ,   .  , — ; — j -r =  -^-22 

'  volatile  nydfuciirbons. 

This  coal  belongs,  therefore,  to  the  class  of  bituminous  coals,  and 
in  fuel  ratio  resembles  that  from  the  Snow-Shoe  mine  and  that  from 
Orangeville,  both  of  Pennsylvania.* 

JSTeither  of  these  coal-fields  was,  at  the  time  of  my  visit,  open  for 
examination,  on  account  of  the  unusually  heavy  snows.  In  this 
connection,  the  record  of  an  analysis  of  coke  made  from  the  Gunni- 
son coal,  contained  in  the  Engineeriyig  and  Mining  Journal  of  April 
5th,  1879,  will  be  found  interesting: 

Carbon, 89.00 

Hydrogen,  nitrogen,  and  oxygen,           .....       2.50 
.     Ash, 8.50 


100.00 
Such  coke,  if  coherent  and  tenacious,  would  make  an  excellent 
reducing  agent  in  the  furnace.  The  average  wages  of  miners  and 
workmen  generally  in  this  region  is  about  $3  per  day,  but  this,  it 
is  thought  by  some  of  the  largest  employers,  will  be  reduced  during 
the  coming  summer.  Skilled  laborers  obtain  more,  according  to  the 
responsibilities  of  their  position  and  the  difficulty  of  replacing  them. 
Foremen  of  mines  (bosses),  engineers,  etc.,  get  $5  a  day  and  their 
board ;  extra  good  miners  get  $4  a  day. 

The  Whopper  Lode. — The  developments  of  the  Whopper  lode 
consist  of  an  upper  tunnel,  wdiich  is  driven  in  about  QQ  ^QQt^  a  lower 
tunnel,  about  21  feet  vertically  below  the  upper  tunnel  and  37  feet 
in  length  (about  26  feet  of  which  is  timbered  through  the  loose 
debris  and  slide  on  the  side  of  the  hill),  and  two  small  shafts,  about 
10  feet  deep,  situated,  one  at  about  800  feet,  and  the  other  about 
1170  feet,  northwest  of  the  mouth  of  the  upper  tunnel.  The  strike 
of  the  lode  from  the  Teller  to  the  upper  tunnel  of  the  Whopper  is 

*  See  Classifications  of  Coals,  by  the  author.  Transactions  of  the  American 
Institute  of  Mining  Engineers,  vol.  vi,  p.  430. 
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about  N.  26°  W.  The  course  of  the  vein  through  the  latter  Is 
about  N.  35^  W.  The  average  course  of  the  entire  lode  from  the 
Teller  tunnel  to  the  excavation  (to  be  mentioned  presently),  within 
30  feet  of  the  extremity  of  tlie  Whopper  claim,  is  N.  33°  W.,  though 
within  this  distance  there  is  a  variation  in  the  direction  of  the  lode, 
as  shown  by  the  position  of  the  small  shaft  marked  E  on  the  accom- 
panying rough-sketch  map,  which  represents  the  first  of  the  two 
small  shafts  on  the  lode  which  was  visited.  Throughout  the  Whop- 
per claim  the  direction  of  the  lode  may  be  taken  as  N.  33°  W. 

The  lode  is  a  true  fissure  vein,  both  walls  at  the  upper  tunnel 
being  "  quartzite,"  fine-grained,  and  compact.  Under  the  microscope 
this  rock  proves  analogous  to  the  orthofelsite  (so  called  by  the 
writer)  found  in  the  South  Mountain  of  Pennsylvania  and  else- 
where, or  the  orthophyr,  previously  described  by  Dr.  T.  Sterry  Hunt. 
Its  base  seems  to  be  a  fine  mass  of  orthoclastic  feldspar  and  quartz, 
intermixed  so  intimately  as  to  have  received  the  name  of  jasper  by 
Kogers. 

There  is  a  slight  difference  in  quality  between  the  hanging  and 
foot  walls,  but  it  is  only  slight.  The  face  of  the  rock  in  which  the 
Whopper  crevice  shows  is  exposed  to  the  southeast  for  about  200 
yards.  For  this  distance  planes  of  bedding  or  cleavage  dip  about 
N.  15°  E.  Another  fa9ade  of  the  same  rock,  which  joins  this  one 
at  a  corner,  shows  planes  of  similar  character  dipping  north.  At 
the  junction  of  these  two  slightly  unconformable  planes  the  Whop- 
per Creek  finds  its  bed. 

At  the  heading  of  the  upper  tunnel  the  crevice  is  about  31  inches 
at  its  widest  part  and  19  inches  at  its  narrowest.  Taking  the  average 
width  of  the  crevice  at  26  inches,  and  estimating  the  amount  of  pay- 
streak  from  the  surface  exposed  to  view,  there  would  be  about  half 
pay  and  half  barren  quartz.  The  gangue  both  here  and  elsewhere 
is  quartz  and  the  country  rock  quartzite,  but  the  rich  portions  of 
the  vein  are  so  irregularly  and  intimately  mixed  up  with  the  barren 
gangue,  that  only  a  moderately  approximate  estimate  of  the  relative 
amount  of  each  is  possible. 

The  ore  is  mainly  pyritiferous  in  character.  In  the  quartz  gangue 
small  and  large  crystals  and  lumps  of  pyrite  and  chalcopyrite  are 
visible,  together  with  occasional  particles  of  galena. 

A  careful  selection  of  ore  was  made  across  the  breast  at  the  head- 
ing of  the  upper  tunnel  by  picking  specimens  out  of  the  rock  in 
place  across  the  entire  vein.  These  were  dried  and  pulverized  and 
assayed,  showing  low  grade. 
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A  new  section  was  made  across  the  heading  of  the  upper  tunnel 
after  the  result  of  the  first  assay  was  known.     The  precnution  was 
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taken  of  putting  In  a  shot  to  clean  the  face  of  the  decomposed  and 
weathered  rock  left  where  the  operations  last  stopped.  This  gave 
confirmatory  results.  A  similar  section  across  the  breast  of  the 
lower  tunnel  heading  was  made,  and  the  carefully  mixed  samples 
submitted  to  two  assays,  which  resulted  in  giving  a  very  high  silver 
content. 

It  was  not  thought  safe  to  assume  that  these  results,  from  the 
weathered  surface  of  the  shallow  tunnel,  represented  the  average 
richness  of  the  vein,  since  it  is  well  known  that  the  effect  of  atmos- 
pheric decomposition  on  the  surface  of  an  argentiferous  vein  is  often 
to  concentrate  the  silver. 

A  small  shaft  has  been  sunk  within  about  30  feet  of  the  extremity 
of  the  Whopper  claim.  In  this  shaft  the  appearance  was  of  a  vein 
about  3J  feet  in  width.  The  gangue  was  a  blue-veined  quartz 
with  a  dip  of  E.  35°  N. — 75°;  just  above  this,  in  the  same  open- 
ing, the  material  seems  to  dip  S.  45°  W. — 42°.  The  appearance 
here  is  of  an  anticlinal  of  gangue,  but  in  no  part  of  the  gently  dip- 
ping limb  w^ere  any  of  the  minerals  discoverable  which  were  plainly 
seen  in  the  other.  A  number  of  fragments  were  knocked  out  of  this 
(the  hanging  w^all)  without  finding  any  metalliferous  matter.  A 
sample  from  the  opening  gave  on  assay  a  high  content  of  silver  per 
ton. 

At  another  small  shaft,  situated  about  800  feet  northwest  of  the 
Whopper  upper  tunnel,  and,  therefore,  not  very  far  from  midway 
between  the  extremities  of  the  claim,  the  vein  disclosed  is  smaller 
than  elsewhere  observed  (not  2  feet),  and  dips  N.  30°  E. — 70°.  Both 
foot  and  hanging  walls  are  of  the  same  material,  viz.,  a  black  trap- 
like rock  having  the  fracture  and  general  appearance  of  the  rhom- 
boidal  slates  of  the  Lower  Silurian,  and  the  texture  and  tenacity  of 
meta-dolerite.  This  latter  was  so  much  crushed  that  the  planes  of 
bedding  were  indistinguishable.  Two  assays  of  an  average  sample 
gave  a  medium-grade  ore  which  would  pay  well. 

The  only  part  of  the  outcrop  which  was  sufficiently  cleared  to 
admit  of  an  examination  was  a  spot  about  200  feet  northwest  of  the 
mouth  of  the  upper  tunnel,  and  100  feet  above  it.  The  dip  of  the 
walls  was  about  W.  10°  S. — 82°.  The  gangue,  which  was  quartz- 
ose  and  partially  decomposed,  was  about  31  inches  wide,  of  wiiich 
about  half  might  be  reckoned  as  pay-streak.  An  average  sample 
of  the  latter  indicated  on  assay  a  high-grade  ore. 

There  were  three  dump-piles  at  the  mine,  two  near  the  mouth  of 
the  upper  tunnel,  and  the  third  close  to  the  mouth  of  the  lower 
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tunnel.  These  were  carefully  measured  and  the  contents  averaged 
in  the  following  manner:  Along  one  or  two  imaginary  lines  over 
the  surface  of  the  dump,  and  joining  the  opposite  sides  of  the  base, 
fragments  were  taken  about  every  6  inches  and  laid  aside.  The 
dump  was  then  cut  vertically  from  top  to  bottom  and  specimens 
selected  in  the  same  manner.  All  these  specimens  were  thoroughly 
mixed,  divided,  and  mixed  again,  and  after  the  third  mixture  and 
division  20  or  25  pounds  were  selected  for  sampling.  One  of  the 
dump  piles  near  the  upper  tunnel  contained  67  cubic  fept,  and  had 
an  average  specific  gravity,  from  experiment,  of  2.76,  making  about 
5.74  tons  in  the  dump.  The  assay  value  of  the  average  sample 
was  high.  The  second  dump  at  the  upper  tunnel  contained  about 
8.4  tons,  with  a  low  assay  value  of  silver  per  ton.  The  third 
dump  at  the  lower  tunnel  contained  about  58.7  tons,  and  proved 
to  be  a  low-grade  ore. 

The  Teller  Lode  is  not  a  separate  lode,  but  is  simply  the  extension 
of  the  Whopper  lode  to  tlie  southeast.  Its  only  development  con- 
sists of  a  short  assessment  tunnel  of  about  11  feet,  separated  from 
the  end  of  the  Whopper  claim  only  by  the  creek  of  that  name.  The 
country  rock  is  a  quartzite  and  the  gangue  is  quartz  and  the  ore  is 
not  distinctly  separable  in  the  face  of  the  tunnel.  The  dip  of  the 
lode  is  S.  40°  W. — 62°.  The  appearance  of  the  vein  is  compara- 
tively barren,  except  for  about  a  foot  on  the  hanging  wall  and  at  the 
heading.  The  average  thickness  is  about  26  inches.  A  sample  of 
the  pay-streak  on  the  southwest  side  gave  low  results  in  two  assays. 

The  Index  Lode  is  situated  in  the  general  direction  of  the  Whop- 
per and  Teller  lodes,  about  half  a  mile  in  a  southeasterly  direction. 
The  condition  of  the  country  made  it  impossible  to  trace  the  outcrop 
of  the  AVhopper  to  the  Index,  so  that  the  identity  of  the  two  lodes 
is  simply  a  matter  of  probability. 

The  only  developments  of  the  Index  mine  are  a  short  tunnel  and  a 
shallow  shaft,  which  are  close  together  and  situated  on  the  northwest 
slope  of  a  spur  of  Galena  Mountain.  The  rock  just  inside  of  the  mouth 
of  the  tunnel  shows  a  vein  of  quartz  dipping  E.  30°  N. — 80°.  The 
first  15  feet  of  the  tunnel  runs  about  S.  30°  E.,  but  alters  its  course 
here  and  runs  S.  20  feet  through  a  large  but  apparently  nearly  bar- 
ren vein  of  quartz,  which  seems  to  intersect  the  smaller  one  ob- 
liquely. The  large  vein  is  a  white  quartz  mottled  with  dark  stains, 
and  dips  about  southwest,  nearly  vertical.  About  2  feet  from  the 
heading  is  a  stratum  of  soft  decomposed  rock,  i.  e.,  dirt,  about  2  feet 
deep,  having  the  same  dip  as  the  vein  in  which  it  lies.     This  white 
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quartz  is  not  yet  cut  through.  The  thickness  of  the  large  vein  is, 
as  above  stated,  about  20  feet,  and  that  of  the  small  vein  about  one 
foot.  The  country  rock  is  a  quartzite  so  much  crushed  as  to  make 
the  true  bedding  indeterminable. 

The  small  shaft  situated  about  20  feet  west  of  the  tunnel  is  about 
10  feet  deep  and  exhibits  a  vein  apparently  rich  in  pyrites,  dipping 
W.  30°  N.,  nearly  vertical.  In  other  words,  these  two  veins  (the 
small  one  and  the  large  one)  have  strikes  respectively  of  W.  30°  E. 
and  N.  W.,  and  they  intersect  each  other  about  70  feet  from  the 
mouth  of  the  tunnel.  The  small  vein  seems  to  be  rich  in  metallif- 
erous compounds,  and  both  of  them  seem  to  be  true  fissure  veins. 

A  sample  of  the  soft  dirt  mentioned  above  was  assayed  and  gave 
no  silver;  a  sample  of  the  black  stained  rock  from  the  walls  of  the 
tunnel,  about  12  feet  from  the  mouth,  was  likewise  found  to  contain 
no  silver.  Two  assays  were  made  of  the  ore  close  by  the  mouth  of 
the  tunnel,  with  poor  results. 

The  tojX)graphy  of  the  country  permits  the  best  kind  of  mining 
to  be  prosecuted  at  a  minimum  cost.  The  cost  of  extracting  the  ore 
is  estimated  at  about  $10  a  ton. 

With  regard  to  smelting,  the  ore  appears  to  belong  neither  to  the 
refractory  n<)r  to  the  Jclnd  varieties.  The  cost  of  reduction,  at  a 
rough  estimate,  founded  upon  the  duty  of  works  treating  similar 
ores,  would  be  from  $15  to  $20  a  ton,  depending  on  the  suitability 
of  the  process  and  the  skill  of  the  management.  As  a  maximum, 
therefore,  the  cost  per  ton  in  mill  run*  might  be  set  down  at  some- 
where near  $30. 

There  is  at  present  no  smelter  in  the  immediate  vicinity  of  the 
Whopper  Mine,  the  nearest  being  a  small  5-ton  smelter  erected,  but 
not  yet  completely  equipped  (July,  1880)  in  Gothic  City;  but  at 
a  distance  of  one-third  of  a  mile  in  an  air-line  (or  two-thirds  of  a 
mile  as  a  wagon  road  will  have  to  be  constructed)  from  the  Whopper 
and  Teller  tunnels,  is  the  site  of  a  30- ton  smelter,  owned  by  the 
Empire  Smelting  Company,  which  was  purchased  and  partly  trans- 
ported last  fall,  but  which  is  not  yet  at  its  destination.  It  is  ex- 
pected to  be  ready  for  work  in  September,  1880.  This  site  is  at  the 
northern  end  of  the  projected  town  of  Scofield,  where,  by  a  flume. 
Crystal  Creek  is  carried  to  Rock  Creek,  above  the  smelter,  and  the 
combined  waters  of  the  two  streams  will  furnish  all  necessary  power 
for  blowers,  etc.     This  smelter  is  intended  for  the  reduction  of  the 

*  This  expression  is  used  in  a  loose  sense  common  in  Colorado,  and  moans  the 
total  product  of  bullion  for  a  ton  of  ore  mined. 
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ores  from  the  mines  owned  by  the  company,  and  is  not  a  ^^  custom 
smelter/^  It  can,  therefore,  only  be  available  for  other  mines  in  the 
vicinity,  when  their  ores  can  be  mixed  with  those  from  the  com- 
pany's mines,  or  when  the  latter  are  deficient  in  quantity. 

There  are  two  mill  sites  reserved  in  the  new  town  by  the  owners, 
which  will  be  given  to  any  person  or  company  erecting  a  90-ton 
smelter,  or  perhaps  one  of  less  capacity. 

The  following  is  the  present  schedule  of  prices  paid  for  ore  by 
Biddell  &  Wetherill  at  the  Harrison  Reduction  Works,  in  Lead- 
ville  (April,  1878) : 


Ounces  of  silver,  per  ton , 
Cents  per  ounce 

50 
30 

60 
40 

70 
50 

80 
60 

90 
61 

100 
07 

125 

09 

150 
7-1 

200 

81 

2.50 
86 

300 

89 

400 
96 

500 
99 

700 
103 

1000 
106 

New  York  valuation  of  silver  $1.20  per  ounce.    All  gold  over  ^  ounce  paid  for. 

The  present  schedule  of  prices  paid  for  ore  delivered  at  the  works 
of  the  Boston  &  Colorado  Smelting  Works  at  Argo,  near  Denver, 
is  based  upon  a  different  principle.  For  ore  assaying  less  than  §400 
per  ton  deduct  10  per  cent,  of  the  gold  at  $20  per  ounce,  15  per 
cent,  of  the  silver  at  market  rates  in  New  York,  and  $20  per  ton. 
For  ore  assaying  $400  to  $600  per  ton,  deduct  9  per  cent,  of  the 
gold,  14  per  cent,  of  the  silver  and  $20  per  ton.  For  ore  assaying 
$600  to  $800  per  ton  deduct  8  per  cent,  of  the  gold,  13  per  cent,  of 
the  silver,  and  $20  per  ton,  etc.  For  the  copper  contents  of  any 
gold  or  silver  ores  coming  under  the  foregoing  schedule,  $2  is  paid 
for  each  per  cent.,  as  shown  by  the  dry  assay. 

On  the  foregoing  basis,  ore  assaying  5  ounces  gold,  10  ounces  sil- 
ver, and  2  per  cent,  copper  would  be  rated  as  follows : 


6  ounces  gold  at  $20,           = 
less  10  per  cent.,      = 

:       $100  00 
10  00 

$90  00 

9  78 
4  00 

10  ounces  silver  at  $1.15,   = 
less  15  per  cent.,     = 

$11  50 
1  72 

2  per  cent,  copper,  at  $2,    = 

=          •         •         • 

Deduct, 


^103  78 
20  00 


Amount  paid, |83  78 

The  most  favorable  rates  of  transportation  to  the  nearest  market 
of  bullion  at  the  present  time  would  be  (by  way  of  Gothic  City)  5 
cents  per  pound  to  Alamosa,  and  thence  by  railroad  rates  to  Denver. 
The  total  cost  to  the  Denver  mint  would  not  be  over  2  per  cent,  of 
the  value  of  the  bricks. 
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The  distance  of  the  proposed  smelter  from  Gothic  City  would  be 
about  7J  miles  along  the  canons  inclosing  the  streams  of  East  River 
and  Rook  Creek,  and  over  the  divide  which  separates  their  waters. 
This  divide  is  by  the  barometer  about  575  feet  above  the  Whopper 
Cabin  and  about  100  feet  more  above  the  smelter  site.  In  spite  of 
the  fact  that  the  canons  are  narrow  and  rocky  there  would  be  no 
insuperable  obstacle  to  building  a  road  from  Gothic  City  to  the 
mines  and  smelters  which  would  probably  be  passable  for  nine  or 
ten  months  in  the  year ;  but  should  the  proposed  branch  of  the 
Denver  and  Rio  Grande  Railroad  be  built  from  Alamosa  through 
Gunnison  to  Crested  Butte,  and  perhaps  northward  to  the  north 
fork  of  the  Gunnison  River,  there  will  be  no  need  of  the  proposed 
wagon-road  to  Gothic  City  for  purposes  of  transportation  and  supply, 
for  the  railroad  would  then  pass  about  four  miles  from  the  mines  and 
separated  from  them  by  a  divide  over  which  a  wagon-road  could 
be  kept  open  during  all  but  one  or  two  months  in  the  year. 

According  to  the  best  information  obtainable  there  are  no  railways 
projected  into  Gothic  City.  The  nearest  railway  terminus  at  present 
which  is  available  for  general  transportation  is  Alamosa,  about  200 
miles  distant.  The  terminus  of  the  Denver  and  Rio  Grande  Rail- 
road at  Cleora  cannot  be  considered  here,  because  to  reach  it  one 
must  traverse  either  the  Cottonwood  or  Marshall  pass,  which  have 
not  heretofore  been  open  for  freights,  except  during  a  short  portion 
of  the  year. 
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THE  CHARGE    CONTAINING   BUT  A  SMALL 

PERCENTAGE  OF  MANGANESE. 

BY  CHARLES  F.    KING,  NEWPORT,    R.    I. 

The  only  investigations  on  record  of  the  reactions  occurring 
during  the  Bessemer  blow  are  of  charges  containing  a  large  per- 
centage of  manganese,  with  the  exception  of  two  partial  analyses  by 
Snelus  and  Barker  of  the  English  method,  where  a  low  percentage 
of  manganese  was  used.  They  do  not  give  the  analysis  of  the 
Spiegel,  nor  do  they  report  any  graphitic  carbon  after  the  first  stage 
of  the  process.  Both  report  only  traces  of  manganese  after  the  first 
stage  until  the  addition  of  spiegel.  The  slags  corresponding  to  the 
samples  of  metal  were  not  analyzed. 
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The  samples  for  the  following  analyses  made  by  me  were  taken 
at  the  Bethlehem  Iron  Company's  works,  Bethlehem,  Pa.,  on  No- 
vember 13th,  1879.  The  blow  lasted  18  minutes.  The  converter 
had  12  tuyeres,  each  with  12  holes  of  f  inch  diameter.  The 
number  of  revolutions  of  blowing-engine  2  minutes  after  start  was 
38  per  minute  with  a  pressure  of  28 J  pounds  ;  12  minutes  after  start, 
43  per  minute,  pressure  of  23 J  pounds;  and  15  minutes  after  start, 
42  per  minute. 

Eight  samples  of  metal  were  taken,  namely,  one  of  the  pig  charged, 
three  during  the  blow,  one  at  the  end  of  the  blow,  one  of  the  sj)iegel, 
one  of  the  final  product,  and  one  of  the  scrap  charged  before  the  ad- 
dition of  metal  to  the  converter.  Five  corresponding  samples  of 
slag  were  also  taken. 

The  samples  of  metal  were  cast  in  small  ingots,  and  borings  were 
taken  from  different  parts  of  these  ingots  by  drilling,  great  care 
being  taken  that  they  were  not  much  heated  while  being  drilled. 
The  slags  were  dumped  at  once  from  the  small  sampling-ladle  into 
a  can  of  water  so  as  to  cool  rapidly,  and  they  were  then  dried  in  an 
air-bath.  The  sampling  was  done  with  care,  particles  of  ganister 
and  shots  of  metal  being  separated  from  the  slag. 

The  elements  to  which  my  attention  was  especially  directed, 
were  graphitic  and  combined  carbon,  manganese,  and  silicon.  My 
results  are  similar  to  those  obtained  by  others  where  the  charges  are 
manganiferous. 

METAL. 

1.  Carbon, — During  the  first  8  minutes  the  total  carbon  dimin- 
ishes only  9.30  per  cent,  of  its  original  percentage.  The  carbon  in 
the  pig  iron  on  cooling  is  for  the  greater  part  set  free  by  the  presence 
of  silicon  as  graphite,  but  after  the  silicon  is  oxidized  (at  the  end 
of  the  8  minutes)  the  carbon  remains  in  the  combined  form.  The 
slight  loss  is  due  to  the  fact  that  carbon  has  less  chemical  affinity 
for  oxygen  than  have  silicon  and  manganese  below  a  certain  temper- 
ature, and  above  this  the  affinity  of  carbon  increases  rapidly.  While, 
therefore,  the  silicon  and  manganese  oxidize  more  readily  than 
carbon  at  temperatures  about  the  melting-point  of  pig  iron,  the  com- 
bustion of  these  elements  raises  the  temperature  of  the  bath  until 
the  carbon  begins  to  burn.     This  characterizes  the  first  period. 

At  the  end  of  15  minutes  the  loss  in  carbon  is  64.783  percent,  of 
the  original  percentage  of  total  carbon.  In  the  following  2  minutes 
the  loss  becomes  94.168  per  cent.,  and  at  the  end  of  blow,  or  18 
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minutes,  it  is  99.04  per  cent,  of  the  original  amount.  After  the 
addition  of  spiegel  the  loss  is  92.29  per  cent,  of  the  total  amount  of 
carbon  in  the  charge  and  in  the  spiegel. 

The  second  period  is  distinguished  by  an  elevated  temperature, 
causing  the  rapid  elimination  of  the  carbon  by  oxidation,  the  result- 
ing product  being  chiefly  CO  with  more  or  less  COj. 

The  rate  of  loss  of  carbon  is  greater  during  the  last  two-ninths  of 
the  second  period,  or  between  15  and  17  minutes,  than  at  any  other 
part  of  the  blow,  but  small  percentages  of  both  graphitic  and  com- 
bined carbon  exist  in  the  bath  until  the  end  of  the  process. 

According  to  Kessler,  who  examined  the  products  of  conversions 
at  the  Osnabriick  works,  there  was  a  slight  increase  in  the  percentage 
of  carbon,  in.  one  case  at  the  end  of  4  minutes,  and  then  a  slight  de- 
crease at  the  end  of  9  minutes,  when  it  differed  only  slightly  from 
the  original  amount.  From  this  time  on  it  decreased  rapidly.  In 
another  experiment  the  carbon  increased  slightly  to  the  end  of  9 
minutes,  and  then  decreased  rapidly;  the  blow  lasting  20  minutes 
in  both  cases.  The  only  way  to  account  for  this  gain  is  in  the 
decrease  of  the  manganese  and  silicon,  which  would  tend  to  increase 
the  relative  percentage  of  the  other  ingredients  of  the  bath. 

2.  Silicon  commences  to  oxidize  at  the  beginning  of  the  blow  to 
SiO.^,  and  the  reaction  continues  until  the  end.  The  loss  is  54.60 
per  cent,  of  the  original  amount  at  the  end  of  8  minutes,  95.504  per 
cent,  in  15  minutes,  97.61  per  cent,  in  17  minutes,  and  98.33  per 
cent,  in  18  minutes,  or  the  end  of  the  blow.  The  loss  after  addition 
of  spiegel  is  97.56  per  cent,  of  the.  total  amount  of  silicon  of  charge 
and  spiegel.  The  greatest  rate  of  loss  is  during  the  first  period,  or 
eiffht  minutes  of  the  blow. 

3.  Manganese  is  oxidized  to  the  extent  of  69,46  per  cent,  of  the 
original  amount  present  at  the  end  of  the  first  period,  or  8  minutes; 
72.94  per  cent,  in  15  minutes,  73.753  per  cent,  in  17  minutes,  and 
79.53  per  cent,  in  18  minutes,  or  the  end  of  the  blow.  After  the 
addition  of  spiegel  the  loss  is  46.904  per  cent,  of  the  original  per- 
centage, plus  the  manganese  added  in  the  spiegel.  The  greatest  rate 
of  loss  of  manganese  occurs  during  the  first  period,  or  eight  minutes. 
In  the  accompanying  tables  and  diagrams  I  give  the  results  of  the 
analyses  in  convenient  form  for  inspection. 
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ANALYSES   OF    METAL. 


I. 

II. 

III. 

IV. 

V, 

VI. 

VII. 

VIII. 

IX. 

CO  ^ 

St, 

la's 

'3 

P 

'3, 

1 
2 

_  o 

1^ 

u 

o 
CO 

Spioi^el  re- 
duced to 
10.6  p.  ct. 
of  charge. 

f  Massive. 
Sp.gr.^  Pulver- 
Uzed. 

fi.SGG 
6.818 

7.487 

6.447 
6.200 

7.369 
7.114 

6.706 
6.792 

7.490 

6.691 
6.459 

7.541 

Total  carbon... 

3.54.3 
3.560 

3.199 
3.231 

1.230 
1.270 

0.207 
0.207 

0.034 
0.034 

4.338 
4.396 

0.367 
0.374 

0.264 
0.264 

0.460 
0.460 

Graphite 

3.16 
3.17 

0.415 
0.138 

0.236 
0.272 

0.0297  ■ 
0.0273 

0.0095 
0.0094 

0.824 
0.827 

0.0187 
0.0188 

0.0149 
0.0146 

0.087 
0.087 

Combined  carb. 

0.383 
0.390 

2.784 
2.783 

0.995 
0.999 

0.1775 
0.1797 

0.025 
0.025 

3.569 
3.514 

0.349 
0.356 

0.2491 
0.2497 

0.378 
0.372 

Silicon 

2.384 
2.398 

1.07 
1.10 

0.108 
0.107 

0.058 
0.056 

0.037 
0.043 

0.67 
0.68 

0.060 
0.061 

0.103 
0.117 

0.071 
0.072 

Manganese 

0.496 
0.491 

0.151 
0.150 

0.133 
0.134 

0,129 
0.130 

0.097 
0.105 

16.1290 
16.1569 

1.175 
1.166 

1.229 
1.212 

1.710 
1.713 

Phosphorus 

0.089 

0.092 

0.076 

0.0897 

SLAGS. 

1.  The  silica  increased  from  62.64  per  cent,  to  75.63  per  cent, 
from  the  eighth  minute  to  the  end  of  the  seventeenth  minute,  when 
it  suddenly  fell  to  61.29  per  cent.,  and  again  increased  to  64.15  per 
cent,  after  the  addition  of  spiegel. 

Since  we  find  that  the  percentage  of  silicon  is  also  diminished  in 
the  metal  at  the  same  time  (from  17  to  18  minutes),  this  large  decrease 
of  14.84  per  cent,  of  silica  must  be  referred  to  the  oxidation  of  the 
iron  to  FeO,  thus  decreasing  the  relative  percentage  of  silica.  As  will 
be  seen  from  the  accompanying  diagram,  the  oxide  of  iron  increases 
from  nothing  to  13.5  per  cent. 

By  carefully  comparing  other  analyses  I  find  that  the  same  reac- 
tions take  place.  This  period  of  oxidation  of  the  iron  from  the  sev- 
enteenth to  the  eighteenth  minute  is  termed  the  third  or  last  period 
of  the  blow. 

2.  The  oxides  of  manganese  and  iron  decrease  regularly  in  amount 
from  the  eighth  to  the  seventeenth  minute  of  the  blow,  while  during 
the  next  minute  the  manganese  loses  only  0.1  per  cent.,  and  the  iron 
increases  rapidly.     Since  the  manganese  in  the  metal  is  also  dimin- 
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ished  during  this  minute  the  small  relative  loss  shown  must  be 
owing  to  the  increase  of  the  amount  of  slag.  Some  of  the  manga- 
nese eliminated  from  the  metal  may  not  go  into  the  slag,  but  be 
carried  off  in  the  fumes. 

The  iron  exists  in  the  slags  both  combined  as  ferrous  oxide  and 
as  shots  of  metal  mechanically  entangled.  The  amount  of  shot  ex- 
tracted with  a  magnet  from  the  sample  of  slag  at  the  end  of  8  min- 
utes was  33.7  per  cont. ;  from  that  at  the  end  of  15  minutes,  38.16 
per  cent.;  from  that  at  the  end  of  17  minutes,  24.37  per  cent.; 
from  that  at  the  end  of  18  minutes,  13.8  per  cent. ;  and  after  addition 
of  Spiegel  it  was  14.20  per  cent,  of  the  total  weight  of  slag.  The 
iron,  determined  by  analysis  after  removal  of  the  shot,  calculated 
on  the  total  weight  of  slag  and  shot,  was  7.967  per  cent,  at  the  end 
of  8  minutes,  6.39  per  cent,  at  the  end  of  15  minutes,  5.82  per  cent, 
at  the  end  of  17  minutes,  16.89  per  cent,  at  the  end  of  18  minutes, 
and  after  addition  of  spiegel  it  was  only  11.36  per  cent. 

This  gives  the  total  percentage  of  metallic  iron  in  slag,  at  the  end 
of  8  minutes,  41.69  percent.;  at  the  end  of  15  minutes,  43.55  percent.; 
at  the  end  of  17  minutes,  30.19  per  cent.;  at  the  end  of  blow,  30.69 
per  cent. ;  and  after  addition  of  spiegel,  25.56  per  cent. 

After  extracting  all  iron  possible  with  a  magnet  from  the  samples 
of  slag,  I  found  that  the  sum  of  the  analyses,  with  all  iron  calculated 
as  ferrous  oxide,  was  as  follows:  103,  102.5,  103,  102.5,  and  100.68 
per  cent.  Convincing  myself  that  the  analytical  work  was  not  at 
fault,  I  then  tested  the  samples  with  a  stronger  magnet,  and  found 
still  more  metallic  iron,  and  by  calculating  the  iron  in  Nos.  Ill  and 
IV  as  metallic,  and  in  II,  V,  and  VII  both  as  metallic  iron  and  as 
ferrous  oxide,  the  total  of  100  per  cent,  was  obtained  for  each  slag. 
The  absence  of  ferrous  oxide  from  slags  Nos.  Ill  and  IV  may  be 
explained  by  the  reducing  action  exerted  by  the  carbonic  oxide 
which  is  rapidly  evolved  from  the  bath  of  metal  during  the  second 
period. 

The  variations  in  amount  of  the  alumina,  lime,  and  magnesia  are 
slight  and  of  no  particular  significance,  as  they  come  almost  ex- 
clusively from  the  converter  lining. 

The  results  of  the  analyses  of  the  slags  are  given  below  in  tabular 
form.  The  diagram  on  the  preceding  page  exhibits  these  results  in 
a  graphic  form  in  connection  with  the  analyses  of  the  metal. 
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ANALYSES   OF   SLAGS. 


II. 

III. 

IV. 

V. 

VII. 

8  minutes 
after  start. 

15  minutes 
after  start. 

17  minutes 
after  start. 

18  minutes 
after  start. 

After  addi- 
tion of 
Spiegel. 

Sp.  gr.  of  powder 

2.979 

2.282 

2.411 

2.937 

2.770 

Silica 

62.656 
62.641 

73.214 
73.260 

75.604 
75.668 

61.293 
61.300 

64.143 
64.165 

Alumina    and     Phos- 
phoric acid 

7.984 
7.985 

4.512 
4.515 

5.203 
5.186 

4.217 
4.267 

5.661 
5.761 

Ferrous  oxide 

1.966 

1.890 

none 

none 

13.506 
13.446 

14.007 
13.892 

Manganous  oxide 

15.789 
15.773 

11.839 
11.824 

10.922 
10.921 

10.S63 
10.787 

12.813 

12.807 

Lime 

0.659 
0.653 

1.110 

0.960 

0.747 

0.745 
0.740 

Magnesia 

0.518 

0.641 

0.399 
0.360 

0.288 

0.244 
0.234 

Metallic  iron 

10.502 
10.540 

8.724 
8.712 

7.715 

7.693 

9.086 
9.165 

2.387 
2.401 

The  conclusions  to  be  drawn  from  the  above  analyses  are : 

1st.  Phosphorus  is  not  eliminated  where  a  silicious  lining  is  used, 
but  the  proportion  is  slightly  increased,  owing  to  the  diminution  of 
weight  of  the  charge  of  metal. 

2d.  It  is  due  to  the  presence  of  silijcon  in  pig  iron  that  carbon 
is  set  free  as  graphite  on  cooling,  and  it  is  in  proportion  to  the  elimi- 
nation of  the  silicon  that  the  carbon  remains  chemically  combined. 
During  the  first  period  of  the  blow  the  total  carbon  is  diminished 
very  little,  but  when  the  temperature  rises  in  the  second  period,  in 
consequence  of  the  oxidation  of  the  silicon  and  manganese,  the  elimi- 
nation of  the  carbon  is  rapid. 

3d.  Silicon  is  rapidly  oxidized  during  the  first  and  second  periods, 
at  the  conclusion  of  which  it  is  nearly  all  in  the  slag. 

4th.  Manganese  decreases  rapidly  in  the  metal  during  the  first 
period,  and  more  gradually  during  the  remainder  of  the  blow. 

6th.  By  the  addition  of  the  spiegel  the  manganese,  carbon,  and 
silicon  are  increased  in  the  metal,  and  the  iron  in  the  slag  is  de- 
creased. 
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6th.  The  final  slag  carries  the  silicon  and  manganese  of  the  charge, 
and  contains  25.56  per  cent,  of  iron. 

7th.  The  first  period,  or  eight  minutes,  is  characterized  by  a  low 
temperature,  during  which  the  silicon  and  manganese  are  oxidized ; 
the  second  period  of  nine  minutes,  or  ''  boil,"  is  marked  by  a  high 
temperature,  during  which  the  carbon  is  oxidized  rapidly;  and  the 
third  period,  or  last  minute  of  blow,  by  the  rapid  oxidation  of  the 
iron. 

APPENDIX. 

EEMAEKS  ON  INGOTS. 

I. 

Two  castings  were  taken  of  I,  or  pig  iron  ;  they  were  sound  ;  not  any  drill-holes 
in  the  one  in  which  the  specific  gravity  was  determined.  Weight  of  ingot  used  for 
the  determination  of  the  specific  gravity  was  1641  grams. 

II. 

One  casting  was  taken  of  II ;  it  chilled  and  was  sound  in  the  part  used  for  spe- 
cific gravity  determination.     Weight  of  ingot,  430.5  grams. 

III. 

One  casting  was  taken  of  III ;  it  had  a  few  small  blow-holes,  also  three  drill-holes 
when  the  specific  gravity  was  taken.     Weight  of  ingot,  1354  grams. 

IV. 

Two  castings  were  taken  of  IV ;  they  were  sound,  but  had  three  drill-holes  when 
the  specific  gravity  was  taken.     Weight  of  ingot,  784.5  grams. 

V. 

One  casting  was  taken  of  V ;  it  was  an  unsound  casting,  and  had  six  drill-holes 
when  its  specific  gravity  was  taken,  which  did  not  seriously  interfere  with  the 
determination.    Weight  of  ingot,  945.5  grams. 

VI. 

One  casting  was  taken  of  VI ;  it  had  a  blow-hole  in  one  end  ;  not  any  drill-holes. 
Weight  of  ingot,  745.5  grams. 

VII. 

One  casting  was  taken  of  VII ;  it  had  a  few  small  blow-holes  and  six  drill-holes 
when  its  specific  gravity  was  taken.     Weight  of  ingot,  1622.5  grams. 

VIII. 

Five  small  scraps  were  taken  from  bloom-ends,  having  sixteen  small  drill-holes 
when  their  specific  gravity  was  taken.     Weight  of  scraps,  501.5  grams. 

EEMAEKS  ON  SLAGS. 

II. 
Dark  bluish-brown.     It  contained  a  very  little  ganister,  and  the  shot  was  mostly 
in  fine  particles,  with  a  few  larger  pieces,  about  the  size  of  a  bean.     The  color  of 
the  pulverized  slag  was  a  dark  gray. 
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III. 

Very  light  yellowish-brown.  It  contained  some  ganister  in  quite  small  pieces, 
and  the  shot  mostly  in  fine  particles,  with  a  few  of  bean-size.  The  color  of  the 
pulverized  slag  was  a  very  light  gray. 

IV. 

Light  yellowish-brown.  It  contained  large  pieces  of  ganister ;  the  shot  in  fine 
particles,  with  a  large  number  of  pieces  from  bean-size  down  to  dust.  The  pul- 
verized slag  was  of  a  light  gray  color. 

V. 

Very  dark  bluish-brown.  It  contained  some  ganister  in  small  pieces  ;  the  shot  in 
large  pieces,  also  in  fine  particles.  When  pulverized  the  color  was  very  dark  iron- 
gray. 

VII. 

Light  yellowish-brown.  It  contained  some  ganister  in  small  pieces,  and  the  shot 
in  large  pieces ;  also,  in  fine  particles.  Color  of  the  pulverized  slag  was  a  light 
gray. 

Note. — The  metallic  iron  was  removed  with  a  horseshoe  magnet,  and  the  gan- 
ister was  separated  by  the  aid  of  a  magnifying  lens. 


CHAKGES  OF  BLAST  FUKNACES  ON  NOVEMBER  ISth,  1879.* 


Coal, 


Ore, 


Furnaces  Nos.  1  and  2. 


Lehigh  Mountain,  Pennsylvania.     Limonite, 
African,  Bona.     Brown  Hematite, 
Crown  Point,  New  York.   Magnetite,    . 
West  End,  New  Jersey.     Magnetite,     . 
Irish,  North  of  Ireland.     Red  Hematite, 
Elba,  Specular,       .         . 
Limestone.     Bethlehem  Iron  Co.'s,  at  South  Bethlehem, 


2000  lbs. 

600  '' 

600  " 

450  " 

300  " 

150  " 

300  " 

1100  " 


No.  4. 

Coke.     Connellsville,  Pennsylvania, 250  lbs. 

Coal, 1750  " 

Lehigh  Mountain,  Pennsylvania,  ....  650  " 

African,  Bona, 650 

Crown  Point,  New  York, 487  " 

1   West  End,  New  Jersey, 325  " 

Irish, 162  " 

Elba, 325  " 

Limestone, ItOO  " 


Ore, 


*  The  above  charges  are  substantially  the  same  as  were  used  at  these  furnaces  at 
the  time  the  metal  was  produced,  which  was  blown  on  November  13th. 
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Coke. 
Coal, 


Ore, 


No.  5. 
Connellsville,  Pennsylvania, .... 

Lehigh  Mountain,  Pennsylvania,  . 

African,  Bona,        ..... 

Crown  Point,  New  York, 
•        "    Irish, 

West  End,  New  Jersey, 

Elba, 

tone, 

250  lbs. 

1750  " 

1700  " 

700  " 

525  " 

175  " 

350  " 

350  " 

1200  '' 


New  and  Old  Northampton  Furnaces. 

Coke.     Connellsville,  Pennsylvania,  . 
Coal 


Lehigh  Mountain,  Pennsylvania, 
African,  Bona, 
Crown  Point,  New  York, 
Ore,    .       -{    Staten  Island, 

West  End,  New  Jersey, 

Elba, 

Marbela,  Spain, 


Limestone, 


Coal, 


No.  7,  or  Bingen  Furnace. 


Ore, 


Limestone, 


Lehigh  Mountain,  Pennsylvj 
African, 

Spanish.     Brown  Hematite, 
!   Tilly  Foster,  New  York, 
Irish,  Ked.  Hematite, 

Elba, 

Evans,  New  Jersey, 

mia, 

•                 « 

250  lbs 

1750 

700 

700 

350 

175 

525 

175 

175 

1200 

2000  lbs 

750 

300 

300 

300 

150 

300 

300 

1200 


BLOW  "R.  A.,  876,"  NOVEMBER  13th,  1879. 
Record  of  Charges  in  Cupola. 
Bethlehem  Furnace,  No.  I, 

<(  ((  "4 

Of 

Northampton  Furnace,  New, 
"  "         Old, 

Bingen  Furnace  (No.  7),  . 
Robesonia  Pig  Iron, 
Maryport  " 

Old  Moulds,       . 


Total, 


HOO 

pounds 

1400 

1800 

1800 

1880 

560 

3000 

2000 

560 

600 

15,000 
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Record  of  Charges  in  Spiegel  Melting  Furnaces. 
Spiegel  Purnace,  No.  3, 400  pounds. 

u,      .  .  .  .  , 

French  Spiegel  (36  per  cent.  Manganese), 
German      "        (11       "  "  ), 


Limestone, 
Coal, 


Total,     . 


150 

u 

600 

<( 

550 

u 

1700 

(( 

400 

pounds 

2400 

C( 

Weight  of  Charges  and  Products. 

Weight  of  Metal  in  Ladle, 16,000  pounds. 

Scrap  (Bloom-ends), 800        " 

Spiegel, 2000       " 

Ferromanganese, 40       " 


Total  charge  in  converter. 


18,840 


Weight  of  Steel  Produced, 

Ingots, 16,720  pounds. 

Castings, 480       " 

Scrap, 300        " 


Total, 17,500 

Loss  of  metal  by  conversion,  7.112  per  cent. 


EFFECT  OF  SEWAGE  ON  IBOm 


BY  CHARIiES  O.    THOMPSON,    OF   THE   WORCESTER   (MASS.)   FREE 

INSTITUTE. 

In  1867  the  city  of  Worcester  walled  in  the  Mill  Brook  for  its 
main  sewer. 

This  stream,  one  of  the  important  affluents  of  the  Blackstone  River, 
flows  through  the  city  in  a  southwesterly  course  from  Salisbury  Pond, 
and  along  its  valley  a  considerable  part  of  the  heavy  manufactories  of 
the  city  are  placed.  At  two  points,  a  mile  apart,  a  sufficient  fall  occurs 
to  be  turned  to  account  for  motive  power,  and  at  many  points  it  was 
the  right  and  practice  of  the  riparian  proprietors,  prior  to  1867,  to  use 
the  water  for  steam  and  other  manufacturing  purposes.     But  the 
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multiplication  of  branch  sewers  all  leading  into  Mill  Brook,  soon 
rendered  the  water  unfit  for  use  in  contact  with  heated  iron,  and  the 
water  privileges  were  abandoned  under  equitable  arrangements. 

A  large  number  of  cases  involving  interesting  chemical  questions 
arose  during  the  progress  of  negotiations  between  the  city  on  the  one 
hand,  enforcing  its  newly  acquired  sewerage  rights,  and  the  proprietors 
on  the  other,  defending  their  time-honored  riparian  rights.  For  in- 
stance, did  the  sudden  introduction  of  branch  sewers  add  pollution 
to  a  stream  already  foul  from  riparian  stables,  pig-styes,  etc.  ?  or,  if 
yes,  did  this  increase  in  a  few  months  equal  that  of  the  natural  pol- 
lution of  the  stream  during  the  preceding  ten  years  while  the  city 
had  been  doubling  its  population  ? 

Again,  at  a  point  just  above  the  beginning  of  the  dense  manufac- 
turing district,  but  below  the  works  of  the  Washburn  &  Moen  Manu- 
facturing Company,  the  city  gas-works  discharged  the  usual  waste 
into  Mill  Brook,  and  had  done  so  from  the  beginning  of  the  gas- 
supply.  If  now,  the  sewage-water,  at  different  points  in  the  valley, 
was  found  to  act  violently  upon  the  iron  of  boilers  or  to  froth  in  a 
marvellous  fashion,  could  a  portion  of  that  injurious  action  be  traced 
to  the  gas-waste  or  even  to  the  discharge  of  acid  liquors  from  the 
Wire-works? 

Also  the  cloaca  maxima  after  passing  the  manufacturing  district, 
emerges  into  an  open,  walled  channel,  and  runs  two  miles  to  Quin- 
sigamond  village  into  a  mill-pond  which,  of  course,  becomes  a  set- 
tling-basin. The  accumulating  filth  gradually  fills  the  basin,  and 
does  it  all  the  faster  by  the  indirect  agency  of  an  enormous  growth 
of  aquatic  plants  which  thrive  on  the  garbage.  These  plants  gradu- 
ally form  islands,  and  the  extinction  of  the  reservoir  becomes  only  a 
question  of  time. 

After  leaving  this  mill  pond  the  water  still  carries  a  great  quan- 
tity of  sewage,  and  at  Saundersville  generates  a  novel  nuisance.  A 
dam  flows  it  over  a  large  area  so  that  the  water  is  very  shallow  ; 
aquatic  plants  with  woody  stems  grow  apace  in  the  summer ;  the 
persistent  stems  are  frozen  into  the  ice  in  early  winter,  forming  a 
genuine  horizontal  filter  for  the  sewage  matter  under  the  ice ;  and  the 
accumulation  of  solid  matter  around  these  multitudinous  rigid  stakes 
is  sufficient  to  check  the  flow  of  the  water  and  thus  deprive  the 
manufacturer  of  the  use  of  his  wheel  during  the  winter  months. 

Before  reaching  Quinsigamond  village  the  sewage  stream  passes 
sluggishly  around  the  yard  of  the  Pillar  Copperas  Company,  where 
copperas  is  made  by  concentrating  the  pickling-liquors  of  the  city 
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shops — mainly  of  the  Wire  mill.  Of  course  some  vesicles  of  cop- 
peras-water are  dismissed  into  the  air,  and  much  ammonia  is  exhaled 
from  the  sewer.  When  the  wind  is  south  the  precipitation  of  iron- 
oxides  upon  the  roofs  and  sides  of  leeward  houses  goes  on  rapidly, 
and  those  persons  who  do  not  like  brick-red  houses  are  therefore 
compelled  to  gratify  their  sesthetic  propensities  by  process  of  law. 
And  all  along  the  open  sewer  pollution  of  the  atmosphere  goes  on  at 
such  a  rate  as  to  impair  the  public  comfort  if  not  to  endanger  the 
public  health. 

From  this  bench  of  cases,  I  have  selected  those  which  involve  the 
action  of  sewage-water  on  iron  as  the  only  ones  strictly  consonant 
with  the  objects  of  this  Institute,  and  will  present  them  without  re- 
crard  to  the  order  of  time. 

Mill  River  drains  an  area  of  7.8  square  miles,  mostly  a  farming 
country,  before  reaching  Salisbury  Pond,  and,  after  receiving  the 
contributions  of  the  city  sewers,  delivers  at  Quinsigamond  Mill- 
Pond,  an  average  daily  flow  of  4,000,000  gallons  between  April  and 
December.  The  amount  discharged  into  it  from  branch-sewers,  in 
dry  weather,  was  a  daily  average  of  1,500,000  gallons  at  the  time, 
1872-73.  The  water  supply  of  the  city  was  3,000,000  gallons  a 
day,  so  that  just  half  the  water  received  from  the  service  was  car- 
ried olf  by  the  sewers.  The  average  solid  contents  of  a  gallon  of  Mill 
Brook  water  before  receiving  any  sewers  is  36.29  parts  per  100,000  ; 
that  of  the  largest  branch  sewer  61.77;  or,  in  brief,  each  gallon  of 
water  which  comes  in  from  the  branch  sewers  contains  more  than 
one  and  a  half  times  the  solid  matter  carried  by  a  gallon  of  the  main 
sewer.  But  the  total  outflow  from  the  side  sewers  being  less  than 
one-half  that  of  the  Mill  Brook,  the  actual  increase  of  pollution  by 
the  side  sewers  is  very  small.  Still  it  is  enough  to  throw  the  re- 
sponsibility of  damage  on  the  city.  This  is  especially  enforced  by 
the  consideration  that  the  percentage  of  organic  matter  in  the  con- 
tributions of  side  sewers  is  twice  greater  than  in  the  original  stream. 

The  first  case  involving  iron  was  that  of  William  T.  Merryfield  v. 
The  City  of  Worcester.*  The  sewer  flows  past  his  works,  and  the 
water  was  used  through  a  spray-head  in  a  condenser.  This  water 
was  slightly  alkaline  and  contained  12.649  parts  of  solid  matter  per 
100,000,  5.325  parts  of  which  were  volatile.  Mr.  Merryfield  com- 
plained that  the  water  corroded  his  condensers,  and  that  this  inju- 

*  See  Mass.  Keports,  Supreme  Court,  110,  p.  216, 
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rious  action  of  the  water  had  greatly  increased  since  the  establishment 
of  the  sewage  system. 

To  decide  this  point  experimentally,  after  an  extended  series  of 
sewage  determinations  in  the  water  at  different  localities,  I  took 
three  samples  of  water, — one  from  Salisbury  Pond,  one  from  a  point 
below  the  discharge  from  the  old  gas-works,  and  one  from  the  flume 
at  Mr.  Merryfield's  building.  Three  clean,  covered  iron  kettles  re- 
ceived 4300  grams  of  water,  and  were  kept  at  a  temperature  of 
120°  F.  (the  temperature  of  the  condenser),  on  a  sandbath  12  hours. 
The  iron  suspended  or  dissolved  in  each  sample  of  water  was  care- 
fully determined  before  and  after  this  digestion,  and  was  found  to 
have  increased  in  the  first  8.63  grains  per  gallon  ;  in  the  second  8.45 
grains  per  gallon;  in  the  third  15.25  grains  per  gallon,  or  nearly 
double  the  first.  The  suggestion  of  these  experiments  is  that  the 
admixture  of  the  gas-waste  did  not  increase  the  corrosive  action  of 
the  water,  and  that  the  sewage  greatly  increased  it, — 76  per  cent. 

These  experiments  were  repeated  with  weighed  clean  pieces  of  har- 
iron,  immersed  in  same  samples  of  water,  in  porcelain  vessels  ;  other 
conditions  the  same  as  in  first  set.  The  air  being  excluded  from  the 
iron,  the  increase  of  action  in  third  sample  over  first  was  37  per  cent. 
Distilled  water,  under  same  conditions,  took  up  9.62  grains  per  gal- 
lon, orfthsof  the  quantity  taken  by  the  sewage-water,  and  IJth  the 
quantity  taken  by  the  water  of  Salisbury  Pond.  Repeated  collateral 
experiments  decided  the  question  of  corrosion  against  the  sewage- 
water,  and  the  double  grievance  of  uncontrollable  frothing  and  cor- 
rosion gave  Mr.  Merryfield  some  damages.  It  was  an  interesting 
conjecture,  prior  to  these  experiments,  whether  or  not  the  quantity 
of  alkaline  salts  in  the  sewage-water  would  protect  the  iron  from 
corrosion  beyond  the  reducing  power  of  the  organic  matter  in  which 
it  abounds.  It  appears  that  this  is  the  fact  in  Salisbury  Pond  \vater, 
but  not  in  the  sewage-water. 

THE  DRIVE-WELLS. 

In  the  valley  of  Mill  River,  ten  drive- wells  have  been  sunk  at 
different  points  with  the  hope  of  obtaining  water  fit  for  boilers,  so  as 
to  save  the  cost  of  the  city  water.  Water  is  found  at  depths  vary- 
ing between  2^  at  the  north,  to  50'  at  the  south  end  of  the  district 
within  which  they  lie — perhaps  one-half  a  mile  long.  Analysis  of 
a  sample  at  the  North  End,  Warren  Thread  Company,  shows  : 
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Parts  in  100,000. 
Total  solids, 132.0 

Volatile  portion,    .........       18.0 

Mineral  portion  : 

Calcium  sulphate,   .......  6.9 

Magnesium  sulphate,       ......  19.4 

Sodium  chloride, 21.5 

Calcium  carbonate,          ......  9.2 

Silica,      .........  57.0 

114.0 

132.0 

Sample  from  the  Worcester  Felting  Company's  Mill,  half  a  mile 
below : 

Parts  in  100,000. 
Total  solids, 92.1 

Volatile  portion,     .........       21.7 

Mineral  portion  : 

Calcium  sulphate,    .......  10.0 

Sodium  chloride, 26.1 

Calcium  carbonate,          ......  6.3 

Silica, 17.0 

Magnesia  and  iron,          ......  11.0 

70.4 

92.1 

The  water  issues  at  the  Worcester  Felting  Company's  Works  at  a 
nearly  constant  temperature  of  50°  F.,  and  the  supply  is  inexhaustible. 
There  appears  to  be  a  subterranean  lake  roughly  parallel  with  Mill 
River,  with  a  clay  slate  bottom,  which  dips  south  at  an  angle  of  about 
30°,  and  undoubtedly  approaches  the  surface  again  further  south, 
forming  a  basin.  This  water  has  received  the  surface  sewage  of  the 
city  since  the  beginning,  and  has  retained  mainly  the  salt.  How 
soon  it  will  become  available  brine  can  be  determined  by  a  series  of 
observations,  but  its  action  on  iron  is  very  interesting. 

I  found  the  inner  surface  of  a  two-inch  supply  pipe  through  which 
the  water  is  drawn  into  a  tank,  completely  covered  with  a  hard, 
smooth  porcellanous  glaze  about  -j^'  to  y^-^'  thick.  But  the  results 
of  a  series  of  experiments  in  exposing  iron  to  the  action  of  this  drive- 
well  water  were  perplexing  enough  though  decisive  against  the  expe- 
diency of  using  it  in  boilers.  That  is  to  say,  it  turns  out  to  be  cheaper 
to  pay  25  cents  per  thousand  gallons  for  city  water  than  to  use  this  for 
nothing,  such  is  the  mischievous  behavior  of  this  porcellanous  scale. 
Thus  200  grams  of  bar-iron  exposed  to  this  water  lost  in  Exp.  1, 
.010  grams,  in  12  hours ;  Exp.  2,  .080 ;    Exp.  3,  .0456  ;   Exp.  4, 
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gained  .010;  Exp.  5,  gained  .009;  Exp.  6,  lost  .042;  Exp.  7,  lost 
.0576 ;  Exp.  8,  gained  .010 ;  Exp.  9,  gained  .005 ;  Exp.  10,  lost 
.0356;  Exp.  11,  lost  .0516.  The  pieces  of  iron  were  cut  from  tlie 
same  bar.  In  eight  cases  a  loss,  in  three  a  gain — conditions  being 
uniform  throughout.  I  suppose  the  gains  may  be  attributable  to 
imperfect  washing  and  drying  of  the  pieces  of  iron  pre})aratory  to 
weighing.  This  initial  corrosion  of  the  iron  goes  to  explain  the  in- 
separable union  of  the  porcellanous  scale  which  forms  in  this  water 
with  the  iron.  It  seems  to  be  a  simple  case  of  the  disadvantage  of 
an  iron  cement. 

Another  case  closely  connected  with  this  was  a  boiler  4  feet  long, 
which  was  used  in  a  bakery,  and  presented  one  or  two  novel  points. 
It  was  used  with  25  pounds  of  steam.  I  took  a  2'^  flue  from  it.  Eor 
2'  3''  from  the  bottom  or  up  to  the  customary  water-line  it  was 
sound ;  then  for  10'^  the  iron  was  discolored,  pitted,  corroded,  and 
weakened  by  actual  loss  of  substance  to  such  an  extent  as  to  induce 
collapse  of  the  flue  under  25  pounds  pressure.  All  the  flues  were  in 
substantially  the  same  condition,  but  the  boiler-shell  was  sound 
throughout.     The  fuel  used  was  coke. 

The  water  shows  at  this  point, 

Parts  in  100,000. 

Total  solids,       . 32 

Volatile, 8 

Salt; 10.19 

« 

and  a  copious  deposit  of  clay.  It  was  obvious,  of  course,  that  this 
water  did  not  act  chemically  on  the  submerged  part  of  the  flues  nor 
on  the  boiler-shell.  What  happened  was  this:  During  ebullition  a 
muddy  deposit  containing  salt  accumulated,  by  way  of  spirting,  on 
the  surface  of  the  flues  and  of  the  boiler-shell  just  above  the  water. 
This  deposit  dried  on  and  adhered  firmly  to  the  iron.  It  must  have 
accumulated  rapidly  from  such  water  as  was  used.  The  flues  being 
under  fire  burn  out  rapidly  under  this  coating,  but  the  shell  escapes 
harm,  being  at  a  constant  temperature  due  to  the  heated  water. 

The  last  case  of  interest  arose  from  the  desire  of  the  city  engineer 
to  take  the  entire  sewage  of  the  main  sewer  through  an  iron  pipe 
from  a  point  just  below  the  copperas  w^orks  to  Cambridge  Street, 
about  1200  feet.  The  copious  discharge  of  ferruginous  water  from 
the  copperas  works  introduces  a  new  element  into  the  problem.  The 
sewage-water  turns  rapidly  black  after  standing  in  open  or  closed 
glass  bottles,  in  light  or  darkness — it  becomes  positively  inky.  I 
have  never  observed  this  phenomenon  in  sewage-water  from  any 

VOL.  IX. — 18 


274     NOTE   ON   DIRECT   PROCESS   FOR   TREATING   FINE   IRON    ORES. 

point  above  these  works.  Bottles  of  it  darken  a  little  to  be  sure, 
but  do  not  become  black.  It  seems  to  be  attributable  to  the  reduc- 
tion of  the  iron  salts  in  solution  by  the  organic  matter  of  the  sewage. 

I  found  by  trial  that  bar-iron  lost  0.00012  of  its  weight  when  ex- 
posed to  the  action  of  this  water  for  one  week,  while  cast  iron  lost 
an  inappreciable  amount. 

The  engineer  was  relieved  of  the  necessity  of  laying  his  iron  pipe 
by  a  change  in  the  plans  of  the  Committee  on  Sewers ;  although  I 
think  he  might  have  used  cast-iron  pipes  with  good  effect. 

In  all  these  cases,  and  in  many  others,  there  is  good  reason  to  be- 
lieve that  salt  is  the  constituent  of  sewage  which  is  most  active  in 
attacking  and  corroding  iron ;  for  in  all  cases  where  sewage-water 
has  acted  on  iron  at  ordinary  summer  temperatures,  a  copious  pre- 
cipitate of  ferric  hydrate  has  appeared,  which  it  is  difficult  to  explain 
on  any  other  ground. 

I  propose  to  investigate  the  action  of  brine  on  iron,  and  report  at 
some  subsequent  meeting  of  the  Institute. 


NOTE  ON  A  DIRECT  PROCESS  FOR  TREATIJSG  FINE  IRON 

ORES. 

BY   W.  E.  C.  EUSTIS,  BOSTON,  MASS. 

1st.  The  fine  iron  ore  is  mixed  with  a  sufficient  proportion  of  fine 
coking  coal,  and  is  t^oked  in  any  of  the  ordinary  methods  for  making 
coke.  The  effect  of  this  is  to  convert  the  iron  oxide  into  sponge  in 
such  a  shape  that  the  usual  trouble  of  oxidation  is  avoided. 

2d.  The  resulting  mixture  of  coke  and  sponge  is  melted  down  in 
an  ordinary  cupola,  the  coke  furnishing  more  than  sufficient  fuel  for 
that  purpose. 

I  may  briefly  point  out  here  that  in  the  first  place  the  iron  is 
sponged,  and  this  sponge,  as  is  well  known,  contains  no  phosphorus 
or  silicon  when  the  redaction  takes  place  at  a  low  temperature;  and 
in  the  second  place  this  sponge  is  melted  down  in  a  cupola  in  which 
there  is  no  zone  of  reduction  for  phosphorus  or  silicon,  and  that  con- 
sequently the  resulting  iron  should  be  free  from  both  of  these  impu- 
rities. 

3d.  The  liquid  sponge,  now  carburized,  is  run  into  an  open-hearth 
furnace,  where  the  requisite  degree  of  hardness  or  softness  is  obtained 
by  adding  some  of  the  fine  ore,  and  the  usual  dose  of  ferromanganese. 

I  have  merely  given  above  the  rough  outlines  of  the  process,  but 
it  is  my  intention,  as  early  as  possible,  to  bring  the  process  more 
fully  before  the  Institute. 
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The  opening  session  of  the  annual  meeting  was  held  in  the  hall 
of  the  Franklin  Institute  on  Tuesday  evening,  February  15th. 
Professor  Persifor  Frazer,  of  the  Local  Committee  of  Arrangements, 
introduced  the  Honorable  Wayne  MacVeagh,  who  spoke  as  follows: 

As  many  of  you  are  probably  aware,  it  was  the  expectation  and 
the  purpose  of  the  committee  having  in  charge  the  reception  of  the 
members  of  the  Institute  in  Philadelphia  that  you  should  be  wel- 
comed here  by  our  first  citizen,  whose  approved  worth  and  civic 
virtue  endear  him  to  us  all, — Mr.  John  Welsh.  In  his  absence  it  is 
only  necessary  for  me  to  say  a  very  few  and  informal  words  to  assure 
you  that  we  recognize  the  honor  the  members  of  the  Institute  do  to 
Philadelphia  in  selecting  it  as  the  place  for  this  annual  meeting,  and 
to  tell  you  that  as  Philadelphians  and  as  Pennsylvanians  we  have 
not  only  been  naturally  interested,  but  we  have  watched  the  proceed- 
ings of  the  Institute  itself,  and  the  advancement  in  usefulness  and 
in  renown  of  many  of  its  members,  whose  names  are  familiar  to  us 
as  household  words. 

We  all  recognize,  whatever  our  several  duties  in  life  may  be,  that 
this  age  belongs  especially  to  you.     It  has  not  been  so  in  the  past, 
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and  it  may  not  be  so  in  the  future,  but  these  are  the  days  when  it  is 

literally  true  that 

"...  Science  reaches  forth  her  arms 
To  feel  from  world  to  world,  and  charms 
Her  secret  from  the  latest  moon." 

This  is  emphatically  the  age  of  scientific  inquiry  and  of  scientific 
development ;  and  in  this,  the  greatest  of  manufacturing  cities,  and 
in  this,  perhaps,  the  most  important  of  States,  it  is  eminently  fitting 
that  your  Institute  should  assemble,  and  should  be — as  it  is  sure  to 
be — heartily  arid  cordially  welcome.  We  are  proud  of  our  resources 
in  Pennsylvania,  and  we  are  glad  that  you  bring  to  them  the 
trained  intelligence  and  energy  to  make  them  really  fruitful  and 
really  valuable.  We  know  that  upon  you  we  depend  not  only  that 
our  mineral  treasures  shall  be  developed,  but  that  they  shall  be 
brought  economically  to  market;  that  they  shall  be  economically 
distributed  wherever  they  are  needed,  and  that  all  the  engineering 
labor  needed  properly  to  distribute  them,  properly  to  develop  them, 
we  will  owe  to  your  ability  in  the  line  of  your  chosen  profession; 
and  we  know  that  in  the  year  immediately  before  us  the  opportu- 
nity for  your  labors  to  be  advantageous  to  you  and  to  us  are  likely 
to  be  greater  than  ever  before.  For  it  seems  to  all  thoughtful  per- 
sons as  if  in  the  near  future  a  material  prosperity  greater  than  has 
ever  heretofore  been  known  awaits  America.  These  are,  therefore, 
days  of  very  happy  augury  for  all  the  citizens  of  our  common 
country,  for  the  magnificent  possibilities  of  the  nation  are  now,  for 
the  first  time,  being  even  dimly  understood.  To  what  extent  the 
mere  material  wealth  of  a  country  may  be  multiplied  in  the  lifetime 
of  the  younger  members  of  this  Institute  is  beyond  any  man's  ca- 
pacity to  prophesy,  but  that  we  are  to  continue  to  be  prosperous, 
and  more  prosperous  with  each  advancing  year,  seems  to  be  as  well 
assured  as  anything  in  human  affairs. 

After  all,  however,  you  are  not  only  engineers,  but  citizens,  and 
men  as  well.  And  whether  this  great  material  prosperity  shall,  in 
its  influences,  be  productive  of  good  or  evil,  depends  not  at  all  upon 
the  prosperity  itself,  but  wholly  upon  the  spirit  in  which  we  and 
our  children  shall  accept  it.  The  natural  tendency  of  wealth  is, 
perhaps,  not  toward  refinement,  but  rather  toward  vulgarity ;  not 
toward  elevation  so  much  possibly  as  degradation  of  life;  and, 
therefore,  none  of  us  should  ever  forget  that  the  chief  blessings 
which  the  year  can  bring  us  are  not  after  all  new  mines  of  gold,  or 
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silver,  or  coal,  or  iron,  new  railways  of  illimitable  length,  new  wheat- 
fields  of  illimitable  breadth, — not  even  new  engineering  works  of 
unexampled  grandeur  and  magnitude  and 'utility — not  even  towns 
and  cities  where  forests  were, — but  that  generous  culture  of  mind 
and  heart  which  shall  give  us  sweeter  manners,  purer  laws,  and 
make  us  wiser,  wider,  better  men  than  ever  before. 

If  in  this  spirit  we  accept  the  great  advantages  which  seem  to  be 
within  our  reach,  we  shall  prove  ourselves  eminently  worthy  of 
them.  And  then,  in  the  procession  of  the  ages,  we  shall  be  not 
only  an  indissoluble  and  mighty  and  prosperous  nation,  but  we  shall 
be  what  is  far  better,  a  Christian,  cultivated  people,  enjoying  the 
divine  benediction  of  peace  in  all  our  borders,  and  contentment  and 
refinement  in  all  our  homes. 

And  it  only  remains  for  me  now  to  discharge  the  agreeable  duty 
of  expressing  to  you  the  good  wishes  of  this  entire  community,  and 
in  the  name  not  only  of  the  Committee  of  Reception,  but  of  all  the 
citizens  they  represent,  to  bid  you  a  hearty  and  cordial  welcome  to 
Philadelphia. 

The  President  of  the  Institute,  Mr.  William  P.  Shinn,  replied  to 
the  welcome  to  the  Institute,  expressed  in  the  address  of  Mr.  Mac- 
Yeagh,  and  spoke  warmly  of  the  interest  which  Philadelphians 
had  always  shown  in  the  work  and  progress  of  the  Institute.  The 
President  then  opened  the  formal  proceedings  of  the  meeting  by 
reading  an  address  on  ''The  Advance  in  Mining  and  Metallurgical 
Art,  Science,  and  Industry  since  1875.'' 

At  the  conclusion  of  this  address  the  following  persons,  proposed 
for  members  and  associates  of  the  Institute  and  recommended  by 
the  Council,  were  unanimously  elected.* 


MEMBERS. 


Frederick  J,  Anspach, 
Charles  T.  Arnberg, 
William  Atkins, 
Oliver  W.  Barnes, 
J   G.  Benton,   . 
Walter  G.  Berg, 
William  F.  Biddle, 
George  D,  Bolton, 
Henry  N.  Brinsmade, 
Charles  O.  Brown,    . 


Philadelphia. 

Troy,  N.  Y. 

Pottsville,  Pa. 

New  York  City. 

Titusville,  Pa. 

Richmond,  Va. 

Philadelphia, 

Calumet,  Mich. 

Lake  Mahopac,  N.  Y. 

Tunja,  E.  E.  U.  U.  de  Columbia. 


*  In  the  following  list  are  included  those  elected  at  subsequent  sessions  of  this 
meeting. 
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Horace  Brock,  . 
Harry  H.  Campbell, 
S.  H.  Chauveiiet, 
William  Clark, 
F.  G.  Clemens, 
John  H.  Clemes, 
C.  B.  Cohen,      . 
George  S.  Comstock, 
Henry  P.  Cooper, 
E.  D.  Cope, 
W.  W.  Culbertson, 

E.  W.  Cramer, 

F.  P.  Davis,      . 
John  C.  Dods,  . 
AVilliam  Eastwick, 
Luther  G-.  Emerson, 
A.  T.  Enos, 
Edgar  C.  Felton, 

S.  M.  Folton,    . 
A.  E.  Foote,      . 
A.  E.  Frost,       . 
William  Garrett, 
I.  W.  Geary,    . 
Austin  G.  Gorham, 
Thomas  H.  Graham, 
John  H.  Hammond, 
F.  V.  Hayden,  . 
E.  C.  Hegeler,  . 
L.  M.  Hooper,  . 
E.  C.  Jewett,    . 
T.  Catesby  Jones, 
Washington  Jones, 
John  S.  Kennedy, 
Charles  Knap,  . 
Charles  Knap,  Jr., 
Joseph  M.  Knap, 
C.  O.  Lagerfelt, 
N.  M.  Langdon, 
William  A.  Leavitt, 
David  B.  Lewis, 
Gustav  Lincke, 
Orleans  Longac-re, 
William  Loi'en%,  Jr 
Edward  H.  Lynde, 
John  H.  Mars, 
William  F.  Mattes, 
Spencer  Meade, 
Lycurgus  B.  Moore, 
William  H.  Morris, 
O.  A.  Moses, 
Jules  JNaville,   . 


Lebanon,  Pa. 

Steelton,  Dauphin  Co.,  Pa. 

Harrisburg,  Pa. 

Pittsburgh,  Pa. 

Lost  Creek,  Schuylkill  Co  ,  Pa. 

Alamos,  Sonora,  Mexico. 

Salt  Lake  City,  Utah. 

Mechanicsburg,  Cumb'd  Co.,  Pa. 

Parryville,  Carbon  Co.,  Pa. 

Philadelphia. 

Ashland,  Ky. 

Montezuma,  Colorado. 

Washington,  D.  C. 

Philadelphia. 

Philadelphia. 

Hancock,  Mich. 

Brooklyn,  N.Y. 

Steelton,  Dauphin  Co.,  Pa. 

Philadelphia. 

Philadelphia. 

Pittsburgh,  Pa. 

Cleveland,  Ohio. 

Pottsville,  Pa. 

New  York  City. 

Candela,  Coahuila,  Mexico. 

San  Francisco,  Cal. 

Philadelphia. 

Lasalle,  111. 

New  York  City. 

Leadville,  Colorado. 

Lynchburg,  Va. 

Philadelphia. 

Kocky  Mount,  Franklin  Co.,  Va. 

Washington,  D,  C. 

Richardsville,  Culpeper  Co.,  Ya., 

New  York  City. 

Biegelsville,  Pa. 

Chester,  Morris  Co.,  N.  J. 

Philadelphia. 

Marinette,  Wis. 

Troy,  N.  Y. 

Lynchburg,  Va. 

Philadelphia. 

Scranton,  Pa. 

Albany,  N.  Y. 

Scranton,  Pa. 

Harrisburg,  Pa. 

New  York  City. 

Pottstown,  Pa. 

Menlo  Park,  N.  J. 

San  Miguel,  Ouray  Co.,  Col. 
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Samuel  Noble,  . 
George  Ornirod, 
William  G.  Pari?, 
Kobert  E.  Petlit, 
Frank  E.  Piatt, 
A.  Pluemer, 
S.  M.  Prevost,  . 
Charles  E.  Pugh, 
Frank  Rahm,    . 
Joseph  W.  Revere, 
T.  B.  Riter, 
Henry  Roberts, 
Percival  Roberts, 
W.  F.  Robertson, 
Ferd.  Ruttmann, 
C.  P.  Sandberg, 
W.  S.  Schuyler, 
John  Scully,  Jr., 
Henry  C.  Shaw, 
W.  Lesley  Sheafer, 
T.  E.  Sickles,    . 
R.  H.  Soule,      . 
Henry  S.  Sterling, 
Lewis  Stockett, 
jN.  Allen  Stockton, 
William  M,  Stone, 
Alexander  Thomas, 
Sidney  G.  Thomas, 
Samuel  W.  Thome, 
John  L.  Thomson, 
H.  G.  Torrey,    . 
Leslie  Warner, 
George  H.  Warren,  Jr. 
H.  L.  Waterman, 
David  Watts,    . 
William  D.  Wheeler 
L.  E.  Wills,      . 
Newton  R.  Wilson, 
J.  Whitaker  Wright, 


Anniston,  Ala. 

Emaus,  Lehigh  Co.,  Pa. 

Pittsburgh,  Pa. 

Altoona,  Pa. 

Scran  ton,  Pa. 

Cincinnati,  Ohio. 

Harrisburg,  Pa. 

Altoona,  Pa. 

Pittsburgh,  Pa. 

Boston,  Mass. 

Pittsburgh,  Pa. 

Johnstown,  Pa. 

Phihidelphia. 

Bergenpoint,  N.  J. 

Brewster 'sStat'n,  Putnam  Co.,N.Y. 

London,  England. 

Nevada  City,  Cal. 

Pittsburgh,  Pa. 

Troy,  N.  Y. 

Pottsville,  Pa. 

New  York  City. 

Baltimore,  Md. 

New  York  City. 

Ashland,  Schuylkill  Co.,  Pa. 

Philadelphia. 

Knoxville,  Iowa. 

Boston,  Mass. 

London,  England. 

Philadelphia. 

Capelton,  Quebec,  Canada. 

New  York  City. 

Chattanooga,  Tenn. 

New  York  City. 

Philadelphia. 

Harrisburg,  Pa. 

Helena,  Montana. 

Weissport,  Carbon  Co.,  Pa. 

Leadville,  Colorado. 

Philadelphia. 


ASSOCIATES. 


J.  Trowbridge  Bailey, 
George  T.  Carter, 
C.  W.  Davenport, 
W.  H.  Emanuel, 
John  H.  Irwin, 
Hermann  A.  Keller, 
John  Meigs, 
Joseph  H.  Outhwaite, 
Clarence  A.  Rundall, 


Philadelphia- 
Pittsburgh,  Pa. 
Easton,  Pa. 
Easton,  Pa. 

Morton,  Delaware  Co.,  Pa. 
Philadelphia. 
Potts  town.  Pa. 
Cleveland,  Ohio. 
Ferrol,  Va.    • 
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William  A.  Shepard, 
Hermann  T.  Vulte,  . 
N.  B.  Walker,. 
Henry  C.  Wilson, 


New  York  City. 
New  York  City. 
New  York  City. 
Memphis,  Tenn. 


The  status  of  the  following  associates  was,  on  recommendation  of 
the  Council,  changed  to  member. 

F.  E.  Bachman,  N.  W.  Lord, 

A.  D.  Churcbill,  G.  F.  Milliken, 

W.  0.  Comstock,  Frank  Nicholson, 

W.  A.  Fellows,  E.  A.  Shillingford, 

J.  P.  Fillebrown,  William  Striebv, 
H.  C.  Foote. 

Communications  were  then  read  from  Messrs.  Whitney  &  Sons, 
the  Baldwin  Locomotive  Works,  and  the  Machine  Tool  Works, 
inviting  members  to  visit  their  respective  works ;  also,  an  invitation 
from  the  Philadelphia  Press  to  witness  their  Bullock  press  in  opera- 
tion. Letters  were  also  read  from  the  Pennsylvania  Museum  and 
School  of  Industrial  Art,  the  Academy  of  Natural  Sciences,  and  the 
Franklin  Institute,  extending  courtesies  to  the  members  during  the 
meeting  of  the  Institute. 

The  President  appointed  Messrs.  Roney,  Chance,  and  Harden 
scrutineers  to  examine  the  ballots  for  officers  of  the  Institute,  and 
report  at  a  subsequent  session. 

The  exercises  of  this  session  concluded  with  the  reading  of  a  paper 
by  Mr.  Otto  A.  Moses,  of  Menlo  Park,  N.  J.,  on  the  Applicability 
of  Edison's  System  of  Electric  Lighting  to  Mines,  which  was  accom- 
panied with  an  exhibition  of  mine  lamps  in  incandescence. 

After  the  adjournment  of  this  session  the  members  enjoyed  the 
hospitality  of  Professor  Frazer,  at  the  Penn  Club,  and  had  the 
pleasure  of  meeting  many  of  the  prominent  citizens  of  Philadelphia. 

On  Wednesday  morning,  in  accordance  with  the  programme 
arranged  by  the  local  committee,  the  members  left  by  special  train 
on  the  Philadelphia  and  Reading  Railroad  at  9  a.m.,  and  visited,  first, 
the  Pencoyd  Iron  Works  of  Messrs.  A.  &  P.  Roberts  &  Co.,  where 
every  facility  was  afforded  for  a  thorough  inspection  of  the  works. 
The  Midvale  Steel  Works  at  Nicetown  were  next  visited,  under  the 
guidance  of  the  superintendent,  Mr.  Charles  A.  Brinley,  and  his 
assistants.  Returning  by  train  to  Germantown  Junction,  the  party 
was  transferred  to  a  special  train  on  the  Pennsylvania  Railroad  and 
taken  to  Dow^ningtown,  to  see  the  improvements  there  in  progress 
by  the  railroad  company.     At  Malvern  a  considerable  number  of 
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the  members  availed  themselves  of  the  opportunity  to  visit  Mr.  J. 
Bishop's  platinum  works,  and  were  there  shown  the  process  of  melting 
platinum  by  means  of  the  oxyhydrogen  blowpipe.  Returning  to 
/Philadelphia,  the  members  of  the  Institute  had  the  honor  of  being 
the  first  party  carried  over  the  new  elevated  railroad  leading  to  the 
new  terminus  at  Fifteenth  and  Market  streets.  The  Public  Build- 
ings, in  process  of  erection  at  Broad  and  Market  streets,  were  then 
visited,  under  the  courteous  guidance  of  Mr.  Samuel  C.  Perkins, 
chairman  of  the  Public  Buildings  Commission,  and  Mr.  John 
McArthur,  architect. 

The  second  session  was  held  in  the  hall  of  the  American  Philo- 
sophical Society  on  Wednesday  afternoon,  at  4  o'clock,  when  the 
following  papers  were  read  : 

The  Construction  of  Geological  Cross  Sections,  by  H.  Martyn 
Chance,  of  Philadelphia. 

A  New  Method  of  Mapping  the  Anthracite  Coal-fields  of  Penn- 
sylvania, by  Charles  A.  Ashburner,  of  Philadelphia. 

The  Use  of  Salt-coating  in  the  Manufacture  of  Iron  and  Steel 
Wire,  by  Charles  H.  Morgan,  of  Worcester,  Mass. 

The  Action  of  Common  Salt  and  other  Related  Crystalline  Salts 
in  Wire-drawing,  by  Professor  Charles  O.  Thompson,  of  Worcester, 
Mass.    ■ 

The  Amount  of  Manganese  Required  to  Remove  the  Oxygen  from 
Iron  after  it  has  been  Blown  in  a  Bessemer  Converter,  and  a  Method 
for  the  Estimation  of  Manganese  in  Spiegels,  Irons,  and  Steels,  by 
S.  A.  Ford,  of  Pittsburgh,  Pa. 

On  Wednesday  evening  there  was  a  musical  reception  tendered 
by  the  resident  to  the  visiting  members  and  ladies  accompanying 
them  at  the  Academy  of  the  Fine  Arts.  The  Committee  on  Enter- 
tainments and  their  wives  were  assisted  by  the  Citizens'  Reception 
Committee  and  their  wives  in  receiving  the  guests  of  the  evening, 
and  a  large  number  of  ladies  and  gentlemen  of  Philadelphia  who 
had  been  invited  to  meet  them. 

The  third  session,  on  Thursday  morning,  was  devoted  to  the  sub- 
ject of  steel  rails.  Dr.  C.  B.  Dudley  read  an  abstract  of  his  paper 
(which  had  been  previously  printed  and  distributed  to  members) 
on  the  Wearing  Capacity  of  Steel  Rails  in  Relation  to  their  Chemi- 
cal Composition  and  Physical  Properties,  and  was  followed  by  Dr. 
A.  L.  Holley,  who  read  a  paper  on  Rail  Patterns.  The  President 
then  announced  that  these  papers  were  open  for  discussion  in  con- 
nection with  Mr.  C.  P.  Sandberg's  paper,  read  at  the  Lake  Superior 
meeting,  on  Rail  Specifications  and  Rail  Inspection  in  Europe. 
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The  following  persons  participated  in  the  discussion: 

Messrs.  Ashbel  Welch,  of  Lambertville,  N.  J.,  R.  W.  Hunt,  of 
Troy,  N.  Y.,  William  Sellers,  of  Philadelphia,  William  R.  Jones, 
of  Pittsburgh,  Pa.,  and  William  Metcalf,  of  Pittsburgh,  Pa. 

The  time  having  arrived  for  the  adjournment  of  the  session,  it 
was  voted  to  continue  the  discussion  at  the  session  on  Friday 
morning. 

The  fourth  session  was  held  on  Thursday  afternoon,  when  the  fol- 
lowing papers  were  read : 

Notes  on  the  Assay  Spitzlutte  for  Laboratory  Use,  by  Professor 
R.  H.  Richards,  of  Boston,  Mass. 

Gas  Producers  Using  Blast,  by  Frederick  H.  Daniels,  of  Wor- 
cester, Mass.     Read  by  the  Secretary. 

Coal  Washing,  by  S.  Stutz,  of  Pittsburgh,  Pa.  Read  by  Mr. 
J.  D.  Weeks. 

Shocks  on  Railway  Bridges,  and  Steel  for  Bridges,  by  J.  W.  Cloud, 
of  Altoona,  Pa. 

The  Origin  of  Gold  Nuggets  and  Placer  Deposits,  by  Professor 
T.  Egleston,  of  New  York. 

There  was  a  subscription  dinner  of  the  members  of  the  Institute 
and  ladies  and  invited  guests  held  on  Thursday  evening  in  the 
banquet-hall  of  the  Union  League,  which  had  kindly  been  placed 
at  the  disposal  of  the  Institute  by  the  House  Committee  of  the 
League. 

At  the  fifth  session,  on  Friday  morning,  the  discussion  of  the 
subject  of  steel  rails  was  resumed.  The  Secretary  read  a  letter  from 
Mr.  W.  R.  Hart,  of  Naylor  &  Co.,  with  reference  to  a  section  for 
steel  rails  wdiich  had  been  designed  by  Mr.  Ashbel  Welsh  in  1866. 
Mr.  William  Metcalf  read  a  paper  entitled,  Can  the  Magnetism  of 
Iron  and  Steel  be  used  to  Determine  their  Physical  Properties?  A 
communication  from  Mr.  George  Webb,  of  the  Cambria  Iron  Com- 
pany, Johnstown,  Pa.,  was  read  by  the  Secretary,  and  followed  by 
remarks  of  the  President,  Mr.  Shinn.  Mr.  William  Kent,  of  Pitts- 
burgh, Pa.,  read  a  paper  analyzing  Dr.  Dudley's  results.  The  Sec- 
retary read  communications  from  Dr.  August  Wendel,  of  Troy, 
N.  Y.,  from  Mr.  F.  G.  Field,  of  London,  England,  and  from  Mr. 
R.  H.  Sayre,  superintendent  and  engineer  of  the  Lehigh  Valley 
Railroad,  Bethlehem,  Pa.  The  discussion  was  then  continued  by 
Professor  Egleston,  of  New  York,  and  Messrs.  J.  W.  Cloud,  of 
Altoona,  Pa.,  Jacob  Reese,  of  Pittsburgh,  Pa.,  Otto  A.  Moses,  of 
Menlo  Park,  N.  J.,  G.  A.  Koenig,  of  the  University  of  Pennsyl- 
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vania,  Philadelphia,  S.  A.  Ford,  of  Pittsburgh,  Pa.,  C.  E.  Stafford, 
of  Steelton,  Pa.,  and  was  concluded  by  Dr.  Dudley.  Mr.  W.  R. 
Jones  then  moved  a  vote  of  thanks  to  Dr.  Dudley  for  his  valuable 
contribution  to  the  knowledge  of  the  subject  of  steel  rails.  The 
motion  was  seconded  by  Mr.  R.  W.  Hunt,  and  was  carried  unani- 
mously. 

The  sixtii  and  closing  session  was  held  on  Friday  afternoon,  when 
the  following  papers  were  read  : 

The  Whitwell  Stove  and  its  Recent  Improvements,  by  Fred.  W. 
Gordon,  of  Pittsburgh,  Pa. 

Burnishing  and  Ductilizing  Steel,  by  Jacob  Reese,  of  Pittsburgh, 
Pa. 

The  Brazos  (Texas)  Coal-field,  by  Charles  A.  Ashburner,  of  Phila- 
delphia. 

The  Occurrence  of  a  Lustrous  Coal  in  a  Fissure  Vein  Associated 
with  Native  Silver,  Gold,  and  other  Minerals  at  the  Dexter  Mine, 
Colorado,  and  A  New  Silver  Bismuthite  from  the  Alaska  Mine, 
Colorado,  by  Professor  George  A.  Koenig,  of  the  University  of 
Pennsylvania,  Philadelphia. 

The  Industrial  School  for  Miners  and  Mechanics  at  Drifton,  Pa., 
by  Oswald  J.  Heinrich,  Drifton,  Luzerne  County,  Pennsylvania. 

The  Secretary  read  a  communication  from  Mr.  Theodore  E. 
Schwarz,  of  Georgetown,  Colorado,  accompanying  a  gold  crystal 
which  had  been  found  in  a  mercury-tank  at  the  Empire  Mill,  Colo- 
rado. 

The  report  of  the  scrutineers  was  read,  announcing  that  the  fol- 
lowing persons  had  been  elected  officers  of  the  Institute. 

William  Metcalf, Pittsburgb,  Pa,. 

VICE-PBESIDENTS, 
(To  serve  till  February,  1883.) 

J.  P.  Kimball, Bethlehem,  Pa. 

W.  H.  Pettee, Ann  Arbor,  Mich. 

C.  0.  Thompson, Worcester,  Muss. 

3IANAGERS, 
(To  serve  till  February,  1884.) 

J.  S.  Alexander, Philadelphia. 

H.  S.  MuNROE, New  York. 

J.  C.  P.  Kandolph, New  York. 

TEEASUREB, 
Theodore  D.  Band, Philadelphia. 

SECRETAEY, 

Thomas  M.  Drown, Easton,  Pa. 
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A  change  of  the  rules,  which  had  been  announced  at  the  previous 
meeting,  namely,  to  omit  from  Rule  VI  the  final  paragraph  with 
reference  to  notices,  was  then  voted. 

The  Secretary  read  the  following  report  of  the  Council : 

The  Council  of  the  Institute,  in  accordance  with  the  Rules,  makes 
the  following  report  of  the  condition  of  the  Institute  and  its  work 
for  the  past  year  : 

Two  meetings  only  were  held, — the  annual  meeting  in  New  York 
in  February,  1880,  and  the  fall  meeting  in  August  on  Lake  Supe- 
rior. The  latter  meeting  was  largely  attended,  and  must  be  regarded 
as  one  of  the  most  enjoyable  and  profitable  meetings  we  have  ever 
held.  The  extent  of  mining  territory  visited,  and  the  pleasant  ac- 
cessories of  the  excursions  on  the  lake,  combined  with  the  abundant 
hospitality  of  the  resident  engineers,  render  this  meeting  memorable 
in  the  history  of  the  Institute.  Owing  to  the  length  of  time  re- 
quired for  this  excursion,  it  was  thought  best  to  consolidate  the  spring 
and  fall  meetings. 

At  both  meetings  there  were  a  large  number  of  papers  presented 
which  have  mostly  been  printed  and  distributed  to  members.  At 
the  Lake  Superior  meeting  Mr.  C.  P.  Sandberg^s  paper  on  '^  Rail 
Specifications  and  Rail  Inspection  in  Europe  "  brought  the  impor- 
tant subject  of  steel  rails  again  before  the  Institute,  which  paper,  in 
connection  with  Dr.  Dudley's  paper  on  the  ^'  Wearing  Capacity  of 
Steel  Rails,"  to  be  presented  at  this  meeting,  will  provide  abundant 
material  for  discussion. 

Vol.  VIII,  Transactions,  has  been  issued,  and  has  been  dis- 
tributed as  usual. 

There  were  elected  at  the  two  meetings  114  members  and  24  as- 
sociates. There  have  been  dropped  from  the  roll,  after  due  notifica- 
tion, for  non-paymeut  of  dues,  55  members  and  associates,  and  9 
have  resigned.  Seven  members  have  died:  W.  B.  Caldwell,  Jr., 
H.  M.  McIntire,.J.  W.  Mickley,  Henry  Pleasants,  Thomas  W. 
Robinson,  I.  M.  St.  John,  and  Henry  R.  Worthington. 

The  membership  now  comprises  6  honorary  members,  52  foreign 
members,  680  members,  and  105  associates, — in  all  843. 

The  employment  agency  of  the  Institute  has  done  good  work. 
There  have  been  40  applications  from  employers,  and  36  applica- 
tions from  those  wishing  positions.  A  considerable  number  of  the 
applications  have  been  successfully  provided  for,  and  the  value  of 
the  agency  established. 
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The  accounts  of  the  Secretary  and  Treasurer,  duly  audited,  ex- 
hibit a  most  satisfactory  state  of  the  finances  of  the  Institute;  they 
are  as  follows  : 

secretary's*  AND    TREASURER'S   STATEMENT    OF    RECEIPTS    AND    DISBURSE- 
MENTS,   FROM    FEBRUARY    IST,    1880,    TO    JANUARY    31ST,    1881. 

DR. 


Balance 

at  last  statement. 

$634  21 

Keceived  for  dues  from  members  and  associates,     . 

6956  00 

(( 

'•     life  memberships,        .... 

200  00 

(( 

from  sale  of  publications. 

290  50 

(( 

author's  pamphlets, . 

151  75 

(( 

for  binding  Transactions, 

180  58 

(< 

'*     electrotypinsj,     . 

Si2  00 

Interest 

70  65 

CR. 

Paid  foi 

printing  vol.  viii..  Transactions, 

$1515  48 

a 

binding          "                     "         .         .         .         . 

368  00 

11 

printing  pamphlet  editions  of  papers, 

1216  75 

(( 

printing  circulars,      ..... 

110  25 

<( 

binding  Transactions, 

31  50 

<t 

engraving, 

863  00 

11 

lithographing,    . 

200  00 

(( 

stationery. 

47  35 

<( 

postage. 

557  15 

(( 

telegrams. 

20  62 

11 

freight  and  express. 

100  25 

<( 

insurance,  . 

47  50 

<( 

binding  exchanges. 

76  25 

u 

Secretary's  salary, 

2000  00 

<( 

'*           expenses  at  meetings, 

241  99 

(( 

electrotyping,    . 

. 

55  40 

$8505  69 


$7451  49 


Excess  of  receipts  over  expenditures. 
Deduct  for  dues  received  in  advance. 

Surplus  for  the  year  ending  January  31st,  1881, 


1054  20 
210  00 

$844  20 


This  surplus  will  enable  us  to  fund  the  life  memberships,  which 
has  not  hitherto  been  possible. 

Mr.  J.  S.  Alexander,  in  charge  of  the  exchange  of  the  collections 
with  the  German  Government,  reports  that  satisfactory  progress  is 
being  made.  One  of  the  desired  collections,  composed  of  the  Clai- 
borne shells,  contributed  by  Professor  E.  A.  Smith  and  Professor 
P.  H.  Mell,  Jr.,  of  Alabama,  has  been  forwarded,  its  receipt  ac- 
knowledged, and  a  return  collection  received,  together  with  colored 
charts  showing  the  production,  consumption,  and  circulation  of  mal- 
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leable  iron   products,  and  also  of  cast  iron  in  Prussia  during   the 
year  1878. 

The  following  papers  were  then  read  by  title  by  the  Secretary : 

Note  on  the  Estimation  of  Copper  in  Speise,  by  F.  C.  Blake, 
Mansfield  Valley,  Pa. 

In  North  Carolina  Corundruni  unmistakably  occurs  in  Igneous 
Rocks,  and  Auriferous  Slate  Deposits  of  the  Southern  Mining 
Region,  by  Professor  P.  H.  Mell,  Jr.,  of  Auburn,  Alabama. 

The  Carbonic-acid  Gas  Process  at  the  Kehley  Run  Colliery,  by 
H.  Martyn  Chance,  of  Philadelphia. 

A  Summer  School  of  Practical  Mining,  and  Ore-dressing  in  Mis- 
souri and  Colorado,  by  Professor  II.  S.  Munroe,  of  New  York. 

■The  Gold-bearing  Mispickel  Veins  of  Marmora,  Ontario,  Canada, 
by  R.  P.  Rothwell,  of  New  York. 

Ore  Dressing  and  Smelting  at  Pribram,  Bohemia,  by  Ellis  Clark, 
Jr.,  of  Philadelphia. 

Analyses  of  Coals  from  Gunnison,  Colorado,  by  Professor  P. 
Frazer,  of  Philadelphia. 

A  New  Bottom  for  Bessemer  Converters,  by  C.  F.  Manness,  of 
Scran  ton.  Pa. 

Use  of  Coke  in  Anthracite  Furnaces,  and  a  Modern  Charcoal 
Furnace,  by  J.  P.  Witherow,  of  Pittsburgh,  Pa. 

Supplement  II  to  a  Catalogue  of  Official  Reports  upon  Geological 
Surveys  of  the  United  States  and  Territories  and  of  British  North 
America,  by  F.  Prime,  Jr.,  of  Baltimore,  Md. 

Naval  Armament,  by  C.  R.  Boyd,  of  Wytheville,  Va. 

The  Condition  of  Sulphur  in  Coal  and  its  Relation  to  Coking,  by 
Thomas  M.  Drown,  of  Easton,  Pa. 

Memoranda  on  the  Analysis  of  Statistics,  by  A.  W.  Hale,  of  New 
York. 

Ore  Roasting  Furnace,  and  a  Fluxing  Gas  Producer  for  making 
Heating  Gas,  by  W.  J.  Taylor,  of  Chester,  N.  J. 

The  following  resolution  was  offered  and  carried  unanimously  : 

Resolved^  That  the  Institute  desires  to  express  its  feeling  of  deep  gratitude 
towards  the  many  gentlemen  and  corporations  who  have,  by  their  exertions  and 
friendly  co-operation  with  the  Local  Committee,  contributed  to  the  courteous 
reception  and  the  cordial  entertainment  of  the  members  at  this  memorable 
meeting.  No  elFort  has  been  spared  which  could  contribute  to  make  every 
moment  of  our  stay  delightful  and  profitable  ;  and  we  all  feel  that  their  efforts 
have  been  crowned  with  the  highest  success. 

We  desire  especially  to  mention  Professor  Persifor  Frazer,  the  Citizen  Kecep- 
tion  Committee,  the  Union  League,  the  Franklin  Institute,  the  Engineers'  Club, 
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the  American  Philosophical  Society,  the  Academy  of  Natural  Sciences,  the  Penn- 
sylvania Railroad  Company,  the  Philadelphia  and  Reading  Railroad  Company, 
the  Pennsylvania  Museum  and  School  of  Industrial  Art,  Mr,  Samuel  C.  Perkins, 
Chairman  of  the  Public  Building  Commission,  Mr.  John  McArthur,  architect, 
the  Pencoyd  Iron  Works,  the  Midvale  Steel  Works,  Mr.  J.  Bishop,  the  Phila- 
delphia Press,  the  Baldwin  Locomotive  Works,  Messrs.  Whitney  &  Sons,  and 
Mr.  Frederick  B.  Miles,  and  the  Local  Committee  of  Arrangements. 

Mr.  J.  D.  Weeks  offered  a  resolution  of  thanks  to  the  retiring 
President,  Mr.  William  P.  Shinn,  for  his  useful  services  and  skilful 
management  of  the  affairs  of  the  Institute  during  his  term  of  office. 
The  resolution  was  adopted  by  acclamation. 

Mr.  Shinn  replied  briefly  to  the  resolution,  thanking  the  members 
for  their  support  and  co-operation,  and  then  declared  the  meeting 
adjourned. 


VOL.  IX. — 19 


PAPERS 


OF   THE 


ANNUAL    MEETING. 


FEBRUARY,  1881. 


THE  ADVANCE  IN  MINING  AND  METALLURGICAL  ART, 

SCIENCE,  AND  INDUSTRY  SINCE  1875,* 

BY  WILLIAM  P.    SHIXN,   PITTSBURGn,   PA. 

It  seems  proper  to  present  in  the  Transactions  of  the  Institute, 
from  time  to  time,  formal  record  of  the  advances  made  in  the  arts 
and  sciences  to  which  our  organization  is  devoted — milestones  in 
the  highway  of  progress — from  which  our  successors  may  measure 
what  they  in  their  turn  have  gained. 

The  admirable  address  of  the  Hon.  Abram  S.  Hewitt,  then  presi- 
dent elect  of  the  Institute,  on  ^'A  Century  of  Mining  and  Metal- 
lurgy in  the  United  States,"  read  at  the  opening  of  the  meeting  held 
in  this  hall  in  June,  1876,  forms  a  point  of  departure,  and  the  con- 
clusion of  the  eighth  decade  of  the  nineteenth  century  and  the  end 
of  the  first  five  years  of  our  country's  second  century  seern  to  offer 
a  fitting  time  for  again  making  up  our  record. 

The  period  since  1875  has  been  marked  by  a  degree  of  activity  in 
mining  and  metallurgical  industry  never  before  equalled  in  our  his- 
tory, while  the  progress  made  in  the  science  and  art  has  been,  if 
possible,  still  more  noticeable.  Whether  we  consider  the  mining  of 
iron,  ore,  and  coal,  or  of  the  precious  metals, — the  advances  made  in 
smelting  the  former  and  in  reducing  the  latter,  the  extraordinary  in- 
crease in  the  production  of  Bessemer  steel,  or  the  science  of  Thomas 
and  Gilchrist,  which  makes  the  hitherto  rejected  phosphorus  the 
corner-stone  of  success, — the  past  five  years  are  alike  memorable  for 
the  progress  they  have  shown ;  and  to  some  of  the  most  marked  fea- 
tures of  this  progress  I  will  now  briefly  call  your  attention. 

It  may  be  of  interest  in  this  connection  to  note  the  following 
figures,  showing  the  growth  of  the  population  of  the  United  States 
during  the  last  three  decades : 


Year. 

Population. 

Increase, 

Per  cent. 

1850. 

23,191,876 

1860. 

31,443,321 

8,251,445 

35.6 

1870. 

38,558,371 

7,115,050 

22.6 

1880. 

50,300,000 

11,741,629 

30.5 

*  Annual  address  of  the  President  of  the  Institute. 
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The  table  appended  (page  299)  shows  the  yearly  production  of  the 
leading  minerals  and  metals  during  the  ten  years  ending  with  1880. 

COAL. 

As  coal  is  the  very  foundation  of  our  craft,  I  will  first  consider 
what  has  been  done  in  its  development.  The  known  area  of  useful 
and  workable  coal  in  the  United  States  has  been  greatly  extended 
since  1875  by  discoveries  in  Utah,  Colorado,  Indian  Territory,  and 
New  Mexico,  good  coking  coals  having  recently  been  found  in  the 
two  latter,  which  seem  destined  to  open  these  territories  very  rapidly 
to  metallurgical  industry. 

A  comparison  of  the  production  of  anthracite  coal  during  the  last 
five  years  with  that  of  the  preceding  five  years  shows  that  there  was 
mined  of  anthracite  coal : 

Gross  tons. 

In  1871-1875, 104,055,254 

In  1876-1880, 111,482,727 

Increase, 6,827,473, 

or  6.51  per  cent. 

The  great  increase  in  the  capacity  for  its  production  is  shown  by 
the  output  for  1879—27,711,250  gross  tons— being  4,830,329  in 
excess  of  the  largest  previous  output  (that  for  1873),  or  21  per  cent. 

The  total  coal  production  of  the  United  States  is  thus  stated  in 
gross  tons : 

Anthracite.  Bituminous.  Total. 

1870,  ....        13,985,960  15,231,668  29,217,628 

1875,  ....        20,654,509  26,031,726  46,686,235 

1879,  ....        27,711,250  33,065,709  61,370,959 

showing  an  increase  from  1870  to  1879  of  109.7  per  cent.,  of  which 
two-thirds  occurred  since  1875. 

The  past  five  years  have  witnessed  many  improvements  in  the 
mining  and  handling  of  coal ;  notably  in  restricting  the  waste  in 
the  preparation  of  anthracite  and  in  utilizing  the  culm,  both  by 
apparatus  for  burning  it  in  its  natural  condition,  such  as  that  of 
Mr.  John  E.  Wootten,  applied  to  the  engines  of  the  Reading  Rail- 
road, and  by  forming  it  into  bricks,  in  combination  with  clay  or  tar, 
as  is  done  by  the  Delaware  and  Hudson  Canal  Company,  and  used 
on  their  locomotives.  Machinery  for  washing  bituminous  coal  for 
coking  has  been  greatly  improved,  and  a  practicable  arrangement 
has  been  devised  for  burning  pulverized  fuel  which  promises  well. 
It  is  in  the  preparation  by  comminution,  or  by  conversion  to  gas, 
that  further  economy  in  the  use  of  fuel  is  to  be  looked  for. 
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PIG  IRON. 

The  production  of  pig  iron  in  the  United  States  for  the  periods 
named  ago:ref>:ates  as  follows  : 

Gross  tons. 

1871-1875, 11,233,424 

1876-1880 12,813,814 

Increase, 1,580,390, 

or  14.07  per  cent. 

The  production  for  1880  is  reported  by  Mr.  James  M.  Swank  as 
3,835,191  gross  tons,  an  amount  50  per  cent,  greater  than  the 
production  of  1872  and  1873,  and  over  double  that  of  1876. 

We  are  accustomed  to  regard  the  five  years  1874-78  as  years  of 
great  depression  to  the  iron  industry,  and  yet  the  product  of  pig  iron 
for  those  years  was  10,652,836  tons,  while  it  was  for  the  ante-panic 
years,  1869-73,  10,192,933  tons,  showing  an  increase  of  459,903 
tons,  or  4.51  per  cent,  in  the  five  panic  years  over  the  production 
of  the  best  five  consecutive  years  ever  known  to  the  iron  trade  of 
this  country. 

The  use  of  regenerative  stoves  with  blast  furnaces  of  large  hearth 
area  has  opened  a  new  era  in  the  history  of  blast  furnaces,  evidenced 
by  the  product  of  the  furnaces  of  the  Edgar  Thomson  Steel  Com- 
pany, Limited,  their  "B"  furnace  of  20  feet  bosh  by  80  feet  high 
having  averaged  upward  of  140  tons  per  day  during  a  blast  of  seven 
months,  and  having  made  208  tons  in  24  hours.  That  large  blow- 
ing, combined  with  high  heating  capacity,  in  furnaces  having  large 
hearths,  will  result  in  still  greater  production,  with  less  consumption 
of  fuel  per  ton,  seems  assured  in  the  early  future. 

IRON   ORE. 

The  production  of  iron  ore  has  received  an  impetus  in  the  in- 
creased production  of  pig  iron,  shown  by  the  increased  production 
of  the  Lake  Superior  region,  as  follows.  The  output  for  the  five- 
year  periods  before  referred  to  shows  as  follows : 

Gross  tons. 

Tor  1871-75, 4,779,114 

For  187G-80, 6,453,092 

Increase,        ........      1,673,978, 

or  34  per  cent. 

The  production  for  1880  reached  1,975,602  gross  tons,  an  amount 
exceeding  by  800,000  tons  the  largest  year's  output  prior  to  1876, 
and  by  560,000  tons  the  greatest  production  of  any  previous  year — 
that  of  1879. 
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WROUGHT   IRON. 

There  has  been  a  material  advance  in  the  production  of  the 
various  forms  of  wrought  iron,  and  some  decided  improvements  in 
the  economy  of  its  production.  The  ordinary  consumption  of  fuel 
per  ton  of  iron  puddled  has  been  3000  to  3200  pounds,  but  the 
Swindell  regenerative  furnace  puddles  a  ton  of  iron  with  1250 
pounds  of  slack  coal.  Experiments  now  being  made  on  a  new 
revolving  puddler  promise  even  better  results  than  "this. 

STEEL. 

In  the  production  of  Bessemer  steel  there  has  been  an  increase 
as  unexpected  as  it  is  extraordinary,  whether  considered  in  its  com- 
mercial aspects  or  as  the  result  of  the  skilful  handling  of  machinery 
originally  designed  for  a  much  smaller  output,  for  it  must  be  con- 
sidered that  up  to  the  end  of  1880  there  has  been  no  increase  in 
number  and  very  little  in  the  size  of  converters  since  1876.  The 
output  of  Bessemer  steel  ingots  was  for  the  five  years : 

Net  tons. 
907,060 


1871-75, 

187C-8U, 


3,950,954 


Increase, 


3,043,894, 

or  333  per  cent. 

The  product  of  1879  was  928,972  net  tons,  or  21,000  tons  in 
excess  of  the  five  years  1871-75,  while  that  for  1880  was  1,203,173 
net  tons,  an  amount  greater  than  the  output  of  any  two  years  prior 
to  1878. 

The  output  of  ingots  of  some  of  the  leading  steel  works  during 
1880  is  reported  as  follows 


Gross  tons. 
123,303 
122,143 
116,750 
105,354 
100,178 


Edgar  Thomson, 
Cambria, 
Joliet, 

Lackawanna, 
North  Chicago, 

Of  steel  rails  there  has  been  a  more  tl 
due  to  greater  economy  in  the  production,  whereby  a  slightly  larger 
percentage  of  rails  has  been  obtained  from  the  ingots  than  was  pre- 
viously done.     The  product  for  five  years  was : 

Net  tons. 
697,142 


lan  proportionate  increase, 


1871-75, 
1876-80, 


3,046,584 


Increase, 


.    2,349,442, 
or  335  per  cent. 
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The  steel  rails  produced  in  1879  were  683,964  tons,  nearly  equal 
to  the  five  years  1871-75,  while  for  1880  there  were  made  967,592 
tons,  or  40  per  cent,  in  excess  of  that  five-year  product. 

The  steel-castiui^  process  first  adopted  at  Terrenoire  is  about  being 
introduced  by  Mackintosh,  Hemphill  &  Co.,  Limited,  of  Pitts- 
burgh. The  manufacture  of  steel  castings  is  a  growing  industry, 
and  bids  fair  to  increase  very  rapidly. 

The  Krupp  process  of  washing  out  phosphorus  is  in  successful 
operation  at  the  Springfield  Iron  Company's  works  at  Springfield, 
111.,  and  promises  well  in  connection  with  the  open-hearth  process. 

The  Thomas  &  Gilchrist  basic  process  is  a  commercial  success 
abroad,  and  will  doubtless  soon  be  introduced  in  this  country  in  new 
plants  now  being  constructed  with  Holley's  plan  for  changing  vessel 
shells. 

Improvement  in  the  quality  of  Bessemer  steel  is  to  be  looked  for 
in  the  direction  of  allowing  time  for  the  steel  to  settle,  the  ingredi- 
ents to  become  more  thoroughly  distributed,  the  fine  particles  of  slag 
to  rise  to  the  surface,  and  the  free  oxygen  to  escape  before  casting 
into  ingots.  The  question  of  the  removal  of  the  occluded  gases  from 
steel  is  also  attracting  attention  abroad,  and  appears  likely  to  affect 
very  materially  the  quality  of  the  ingot  metal  of  the  future.  One 
of  Edison's  experiments  with  platinum  wire,  effecting  what  he  calls 
the  removal  of  the  contained  air,  but  which  was  evidently  the  re- 
moval of  the  occluded  gases,  raised  the  melting-point  of  the  wire  to 
double  its  original  temperature,  and  increased  its  light-giving  ca- 
pacity eight  times. 

It  is  stated  that  the  Wheeler  process  of  rolling  steel  scrap  in  an 
iron  casing  is  being  utilized  at  Chester,  Pa.,  in  the  manufacture  of 
ship  plates. 

GOLD   AND   SILVER. 

The  product  of  the  precious  metals  for  the  periods  named  was  as 
follows : 

GOLD. 

1871-75, $197,662,244 

1876-80, 196,690,603 


Decrease, $971,641 

SILVER. 

1871-75,     . $138,607,510 

1876-80,    .    .       206,210,848 

Increase, $72,603,338 
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The  product  of  the  two  precious  metals  showing  an  increase  of 
$71,631,697. 

The  great  increase  in  the  output  of  silver  is  largely  due  to  the 
great  carbonate  deposits  of  Colorado,  the  product  of  the  Leadville 
mines  in  1879  being  $10,189,521,  and  in  1880,  $15,095,153. 

PETROLEUM. 

The  mining  product  showing  the  greatest  increase  in  output  is 
petroleum,  which  was : 

Barrels. 

In  1871-75, 41,911,367 

In  1876-80,         ........     83,042,121 


Increase, 41,130,754, 

or  nearly  100  per  cent. 

The  production  in  1880  reached  the  enormous  total  of  26,032,421 
barrels,  compared  with  which  the  greatest  year's  output  prior  to 
1876  was  10,910,303  barrels  in  1874. 

MACHINERY. 

There  have  been  great  improvements  in  mining  and  metallurgical 
machinery  during  the  last  five  years,  prominent  among  which  may  be 
mentioned  the  Porter-Allen  high-speed  engine  for  rolling-mills  ;  the 
Leavitt  compound  engine  for  pumping  and  hoisting,  of  which  the 
Institute  saw  good  specimens  in  its  visit  to  Calumet  and  Hecla 
during  the  Lake  Superior  meeting;  the  Bulkley  condenser,  which 
is  coming  into  general  use  for  rolling-mill  and  blast-furnace  en- 
gines ;  and  the  Kloman  eye-bar  universal  mill,  for  producing  weld- 
less  eye-bars  of  iron  and  steel,  the  only  process  so  far  used  adapted 
to  eye-bars  of  Bessemer  steel. 

RAILROADS. 

Much  of  the  increased  output  of  iron  ore,  pig  iron,  and  steel 
rails  is  due  to  the  demand  created  by  the  construction  of  railroads, 
of  which  there  have  been  19,397  miles  constructed  since  1875,  and 
of  which  7150  miles  were  built  in  1880,  an  amount  nearly  equalling 
the  mileage  of  1872,  which  was  7340  miles. 

GENERAL    REMARKS. 

Of  course  it  would  be  presumptuous  to  claim  all  of  this  improve- 
ment to  the  operations  of  this  Institute,  and  yet  I  have  no  hesitation 
in  saying  that  a  considerable  proportion  is  due  to  our  members; 
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first,  as  regards  the  quantity  of  output;  and,  second,  as  regards 
economy  of  production — more  especially  the  latter.  We  all  know 
that  to  several  of  our  members  is  due  the  great  improvements  in  the 
increase  of  output  in  the  Bessemer  process,  and  to  the  work  and 
thoughts  of  others  are  due  many  other  advances  in  the  metallurgical 
arts.  I  trust  that  my  successor  five  years  hence  may  be  enabled  to 
give  as  good  an  account  of  the  next  five  years  as  I  have  of  the  five 
just  passed. 

STATEMENT   OF    ANNUAL    PRODUCTION   OF    LEADING    MINING   AND 
METALLURGICAL   PRODUCTS,    DURING   THE   TEN   YEARS 

1871-80. 


Years 

c3 

O     . 
«  m 

a 

(U  o 

PI 
< 

Pig  iron.     Gross 
tons. 

%  o 

a;  A( 

OJ  en 
V.  O 

"S  o 

o 

Gold. 

Silver. 

Oh 

Lake  Superior 
region. 

Ore. 
Tons. 

Tons. 

1871 

1872 
1873 
1874 
1875 

5yrs. 

17,379,355 

22,084,083 
22,880,921 
21,(;(i7,38() 
20,043,509 

1,707,085 
2,539,783 
2,500,902 
2,401,201 
2,023,733 

48,850 
120,108 
170,052 
191,933 
375,517 

38,250 

94,070 

129,015 

144,944 

290,803 

$35,898,000 
39,459,459 
40,450,593 
40,103,045 
41,745,147 

$20,280,000 
20,527,500 
28,252,100 
30,498,000 
34,043,910 

5,795,000 
0,539,103 

9,879,455 

10,910,303 

8,787,500 

813,379 
952,055 
1,107,379 
935,488 
910,840 

51,225 
61,195 
70,507 
86,494 
81,753 

104,055,254 

11,233,424 

907,000 

697,142 

$197,002,244  $133,007,510 

41,911,367 

4,779,141 

351,174 

1870 
1877 
1878 
1879 
1880 

5yrs. 

19,000,000 
21,323,000 
18,000,000 
27,711,250 

24,848,477 

1,808,901 
2,000,594 
2,301,215 
2,741,853 
3,835,191 

525,990 
500,587 
732,226 
928,972 
1,203,173 

412,401 
432,109 
550,398 
683,904 
907,592 

$44,328,501 
45,300.000 
41,000,000 
32,539,920 
33,522,182 

$41,500,072 
40,075,000 
40,000,000 
38,023,812 
40,005,304 

8,908,900 
13,135,071 
15,103,402 
19,741,001 
20,032,421 

977,233 

900,982 

1,123,093 

1,414,182 

1,975,602 

61,911 

29,085 
17,404 
39,583 
48,502 

111,482,727 

12,813,814 

3,950,954 

3,040,584 

$190,690,603 

$206,210,848 

83,042,121 

6,451,092 

197,085 

ON  tut:  action  of  common  salt  and  otbeb  belated 

CEYSTALLINE  SALTS  IN  WIBE-DB AWING. 

BY  CHARLES  O.  THOMPSON,  OF  THE  WORCESTER  (MASS.)  FREE  INSTITUTE. 

When  a  wire  rod  of  iron  or  of  steel  is  immersed  in  a  hot  solution 
of  common  salt,  allowed  to  remain  lono-  enouo-h  to  brins:  the  metal  to 
the  temperature  of  the  brine,  and  withdrawn,  the  surface  of  the 
rod  is  irregularly  covered  with  a  deposit  of  crystals  of  salt.  These 
crystals  adhere  to  the  rod  with  great  firmness,  in  consequence, 
doubtless,  of  a  thin  film  of  ferric  hydrate,  which  is  formed  between 
them  and  the  rod  as  the  water  dries  off.  The  rod  can  now  be  re- 
duced, by  successive  passes  through  a  die  or  draw-plate,  Avithout  any 
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abrasion  of  the  die.  The  economical  advantasfe  of  this  novel  lubri- 
cation  of  wire  is  at  once  apparent,  and  the  principle  involved  in  it  is 
interesting. 

The  investigation  of  this  principle  was  begun  by  the  writer  in 
February,  1879,  and  has  been  continued  till  the  present  time,  and 
some  of  the  results  are  embodied  in  this  paper. 

Several  facts  were  established  by  observation  : 

After  the  first  passage  of  the  rod  through  the  draw-plate  the  salt, 
easily  detected  by  taste,  is  totally  invisible  ;  the  addition  to  the  brine 
of  a  small  volume  of  lime-water  seems  to  promote  the  lubricating 
action  of  the  salt ;  hard  steel  rods  are  more  successfully  drawn 
than  soft  iron,  and  the  harder  the  better ;  the  hot  brine  is  not  the 
only  way  of  applying  the  salt,  although  preferable,  for  when  the 
hole  in  the  draw-plate  is  stuffed  with  salt,  or  when  salt  is  dusted  on 
to  the  wire  behind  the  die  or  made  to  adhere  by  oil,  or  when  the 
wire  is  passed  through  fused  salt,  the  same  results,  substantially, 
are  obtained. 

These  observations  suggest  the  questions :  What  is  the  action  of  the 
salt?    Is  it  chemical,  physical,  or  both  ? 

To  determine  this  point,  a  large  number  of  experiments  were  in- 
stituted, some  of  which  are  given  ; 

A.  A  coil  of  steel  rod,  diameter  .192^',  salt-coated,  was  reduced 
by  six  consecutive  passes,  without  annealing,  and  the  last  foot  taken 
from  each  pass. 

The  diameter  was  reduced  from  .192^'  to  .078^'. 

At  the  seventh  pass  the  wire  broke. 

The  wire-o-auo^e  showed  that  the  diameter  of  the  wire  remained 
constant  throughout  each  pass. 

These  pieces  were  separately  digested  in  warm  water  for  a  suffi- 
cient time  to  effect  a  perfect  solution  of  all  soluble  matter  that  ad- 
hered to  them.  The  total  amount  of  salt  adhering  to  each  piece 
was  in 

No.  1, O.0OG4  gram. 

"2, 0.0030         " 

'«     3, 0.0019         " 

"4^ 0.0016         " 

"5, 0.0013         " 

"6, 0.0011         " 

B.  Another  set  of  six  pieces,  taken  under  conditions  identical 
with  those  in  A,  showedsimilar  results,  the  salt  per  square  inch  being 
in 
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No.  1, 0.001 10  gram. 

"2, 0.00060     " 

"3, 0.00044     " 

"4, 0.00040     «' 

"5, 0.00039     " 


C, 


0.00039     " 


C.  To  ascertain  whether  there  was  any  inequality  in  the  distribu- 
tion of  the  salt-coating  over  different  parts  of  the  same  coil,  another 
set  of  samples  was  taken,  under  similar  conditions,  except  that  the 
last  two  feet  were  substituted  for  the  first  foot  in  each  case. 


Reduction  in  diameter. 

Total  salt  on 

two  feet  of 

wire,  in  grams. 

Salt  per  square 
inch,  in  grams. 

No. 

0, 

0.19870 

0  01390 

1,     .         . 

from 

.192^^0.154^^ 

0.01477 

0.00127' 

2,     .         . 

.154^/  to  .131^^ 

0.00499 

0.00050 

3,     . 

.131^^  to  .113^^ 

0.00288 

0.00033 

4,     .         . 

.113^^  to  .102^^ 

0.00299 

0.00036 

5,     .         .         . 

.102^^  to  .092^^ 

0.00259 

0.00039 

6,     .         . 

.092^^  to  .078^^ 

0.00156 

0.00027 

7,     .        .        . 

.078^^  to  .067^^ 

0.00156 

0.00027 

8,  wire  broke. 

This  was  the  largest  number  of  consecutive  passes  obtained  in  the 
experiments. 

Comparing  these  results  with  A  and  B,  it  is  seen  (a)  that  the  total 
salt  adhering  to  the  wire  tends  to  become  uniform  at  the  fifth  pass, 
though  the  amounts  brought  from  the  brine  by  the  rods  are  unequal ; 
(b)  that  the  amounts  of  salt  per  square  inch  vary  as  the  sizes  of  the 
wire ;  (c)  that  the  amount  per  square  inch  also  tends  to  become  con- 
stant at  the  fifth  pass. 

But  the  most  important  result  of  these  experiments  is  that  not  a 
trace  of  soluble  salts  of  iron  could  be  found  in  any  of  the  waters  in 
which  the  samples  were  digested.  In  fact,  no  chemical  action  on  the 
iron  can  be  detected  except  that  already  alluded  to,  whereby  a  cement 
is  formed  by  the  oxidation  of  the  iron,  which  undoubtedly  serves 
to  bind  the  salt  more  firmly  to  the  wire. 

The  cause  of  the  formation  of  the  continuous,  adhesive,  trans- 
parent coating  of  salt  on  the  wire  as  it  emerges  from  the  draw-plate 
must  be  sought  in  the  intense  pressure  to  which  the  wire  and  the 
salt  are  subjected  and  the  high  temperature  caused  by  this  pressure. 
The  exact  temperature  of  the  draw-plate  at  the  point  and  moment  of 
contact  between  it  and  the  wire  cannot  be  easily  determined.  The 
temperature  of  the  wire  at  the  instant  of  emergence  from  the  draw- 
plate  has  been  experimentally  determined  to  be  at  least  as  high  as 
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the  fusing-point  of  tin,  i.  e.,  237°  C.  This  combined  heat  and  pressure 
cause  the  particles  of  salt  to  run  together  and  to  form  a  complete 
plastic,  coherent  sheath  around  the  wire. 

That  a  brittle,  crystalline  solid,  like  common  salt,  should  be  ca- 
pable of  becoming  plastic,  or  that  its  molecules  should  assume  the 
degree  of  mobility  sufficient  to  form  a  coherent  fluent  covering  to 
the  wire,  appears  at  first  sight  anomalous.  Nevertheless  the  experi- 
ment affords  complete  proof  that  such  is  the  case.  Nor  is  analogy 
wanting. 

No  natural  phenomenon  has  been  more  carefully  and  accurately 
studied,  both  in  the  laboratory  and  on  a  grand  scale  in  nature,  than 
the  regelation  of  ice — itself  a  brittle  crystalline  solid.  It  is  a  well- 
known  fact  that  fragments  of  ice,  at  temperatures  far  below  the 
freezing-point  of  water,  can,  by  pressure,  be  made  to  cohere  so  com- 
pletely that  no  traces  of  lines  of  union  remain,  and  that  masses  of 
ice  may  flow  with  almost  the  facility  of  liquid  water. 

It  cannot  be  affirmed  that  this  property  of  regelation  belongs  ex- 
clusively to  ice,  though  it  may  not  have  been  heretofore  observed  in 
other  solids.  Experiments  seem  to  show  that  it  is  a  property  of  all 
crystalline  fusible  bodies.  It  has  been  proven  that  some  solids,  like 
salt,  form  a  coherent,  transparent,  plastic  envelope,  while  others, 
like  alumina,  do  not.  To  the  former  class  belong  only  those  crystal- 
line compounds  which  are  fusible ;  to  the  latter  belong  those  bodies 
which  are  either  infusible  or  amorphous,  and  which,  consequently, 
do  not  possess  the  property  of  regelation  when  exposed  to  pressure 
and  high  temperature. 

The  temperature  and  pressure  necessary  to  complete  fluidity  of  any 
substance  are,  without  doubt,  inversely  related  to  each  other.  But 
it  is  not  necessary  to  assume  that  the  salts  employed  are  ever  actu- 
ally fused  in  the  process  of  wire-drawing,  as  experiments  show,  for 
this  phenomenon  of  regelation  is  one  which  takes  place  at  tempera- 
tures below  fusion.  Common  salt,  the  most  available  of  all  sub- 
stances thus  far  tried,  fuses  only  at  a  red-heat. 

In  drawing  wire  it  is  desirable  to  reduce,  as  much  as  possible,  the 
friction  between  the  wire  and  the  draw-plate.  When  salt  is  used, 
the  plastic  sheath  which  is  formed  interposes  itself  between  the  wire 
and  the  draw-plate,  thus  allowing  the  wire  to  pass  through  without 
coming  in  actual  contact  with  the  surface-wall  of  the  draw-plate. 

It  is  also  plain  that  an  ordinary  lubricant  like  oil  may  be  advan- 
tageously applied  outside  the  sheath  of  salt.  The  actual  practice, 
therefore,  is  to  have  an  iron  or  steel  wire,  protected  by  a  tenacious, 
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adherent  sheath   of  a  crystalline  compound,  which   sheath   is  itself 
surrounded  with  an  ordinary  lubricant. 

An  interesting  question  arises  at  this  point,  Whether  the  wire  slips 
in  the  salt  sheath,  or  whether  the  whole  combination  is  drawn  out 
together?  The  experiments  in  C  are  decisive  in  favor  of  the  uni- 
form elongation  of  the  sheath  with  the  wire,  till  it  finally  becomes  so 
thin  as  to  be  incompetent  to  protect  the  wire. 

Another  inquiry  is.  What  is  the  auxiliary  action  of  the  lime  which 
is  advantageously  added  to  the  brine  ?  It  has  long  been  known 
that  when  wire  which  has  been  cleaned  in  chlorhydric  acid  is  im- 
mersed in  lime-water  it  receives  a  coating  which  permits  two  or 
three  consecutive  reductions.  This  is  obviously  due  to  the  forma- 
tion of  a  small  amount,  in  each  case,  of  calcium  chloride,  which  acts 
like  salt.  But  in  the  case  of  the  joint  action  of  salt  and  lime-water 
on  wire  which  has  been  washed  in  sulphuric  acid,  it  seems  probable 
that  the  lime  merely  promotes  the  slight  oxidation  of  the  wire  by 
which  the  coating  is  cemented  to  it.  The  small  amount  of  gypsum 
which  might  be  formed  will  not  act  as  an  addition  to  the  protecting 
sheath. 

To  confirm  the  theory  of  regelation,*  as  now  presented,  I  insti- 
tuted the  following  experiments : 

The  ends  of  two  similar  solid,  hard,  steel  cylinders,  f  and  J", 
were  carefully  finished.  As  much  salt  as  it  would  hold  up  was 
laid  upon  one,  the  other  set  upon  it,  and  the  combination  subjected 
to  a  vertical  pressure  of  192,000  pounds  per  square  inch.  At  the 
instant  of  maximum  pressure  the  cylinders  "  buckled,^'  and  a  thin 
transparent  sheet  of  salt  gushed  from  the  convex  side. 

The  experiment  was  immediately  repeated  without  accident,  and 
upon  lifting  off  the  upper  cylinder,  when  the  couple  was  removed 
from  the  testing-machine,  the  whole  of  the  salt  was  easily  removed 
in  a  thin,  transparent,  coherent  wafer.  The  transparency  was  so 
perfect  that  a  mark  of  a  No.  4  Faber  pencil  was  seen  through  the 
wafer  with  ease. 

The  results  of  numerous  experiments  with  other  crystalline  lubri- 
cants, and  of  an  investigation  of  the  effect  of  intense  pressure  on 
other  crystalline  bodies,  may  form  the  theme  of  another  paper. 

*  This  theory  of  the  "  regeh\tion  "  of  the  salt  subjected  to  heat  and  pressure, 
forming  a  plastic  sheath  around  the  wire,  and  acting  therefore  as  a  "  solid  lubri- 
cant," was  suggested  by  Dr.  T.  M,  Drown,  of  Lafayette  College,  Easton,  Pa., 
who  was  associated  with  me  in  a  day's  experimenting  with  the  salt  process,  at 
the  works  of  the  Washburn  &  Moen  Manufacturing  Company,  in  Worcester 
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AN  OBE-ROASTING  FUBNACE. 

BY  W.  J.  TAYLOR,  CHESTER,    N.  J. 

Some  eight  years  ago  I  became  interested  to  a  considerable  extent 
in  one  of  the  well-known  deposits  of  sulphury  iron  ore  in  New 
eJersey,  and,  as  a  consequence,  soon  became  interested  in  the  subject 
of  the  elimination  of  the  sulphur. 

On  investigation  I  found  that  no  department  of  pig-iron  manu- 
facture had  received  less  attention  than  that  of  roasting  or  calcining 
ores  for  the  elimination  of  sulphur,  carbonic  acid,  water,  etc. 

My  first  devices  to  eliminate  sulphur  were  naturally  in  the  lime- 
kiln line,  with  solid  fuel  mixed  with  the  ore,  in  the  same  way  as 
common  lime  is  burnt  with  small  coal.  While  this  process  will 
succeed  tolerably  well  for  carbonates  or  calcareous  ores,  even  though 
they  contain  sulphur  as  sulphates,  I  soon  found  it  would  not  answer 
for  our  magnetites,  which  are  very  hard  and  dense,  carrying  from 
2  to  5  per  cent,  of  sulphur  as  pyrites,  and  become  very  sticky  as 
soon  as  any  attempt  is  made  to  roast  them  at  a  high  heat. 

Some  laboratory  experiments  developed  the  fact  that  the  nearer 
the  gaseous  current  surrounding  the  hot  ore  approached  in  com- 
position pure  atmospheric  air  the  more  rapidly  the  sulphur  was 
oxidized,  while  in  an  atmosj)here  composed  largely  of  carbonic 
oxide,  carbonic  acid,  and  nitrogen,  it  seemed  almost  impossible  to 
reduce  the  sulphur  more  than  one-half,  which  was  a  confirmation 
of  the  well-known  fact  that  just  one-half  of  the  sulphur  in  pyrites 
volatilizes  very  easily,  and  that  the  trouble  is  mainly  to  remove  the 
remainder.  It  was  thus  apparent  that  the  atmosphere  surrounding 
the  ore  was  of  as  much  importance  as  the  temperature. 

This  led  to  the  trial  of  a  kiln  to  heat  the  ore  by  conduction 
through  the  brick.  It  was  divided  into  ore-chambers,  which  were 
surrounded  with  flues,  through  which  the  products  of  combustion 
of  gaseous  fuel  passed  without  coming  in  contact  with  the  ore.  AVe 
did  not,  however,  succeed  by  this  arrangement  in  getting  more  than 
a  cherry-red*  heat,  which,  of  course,  was  too  low  to  accomplish  any- 
thing. 

I  had  at  this  point  become  convinced — 

1st.  That  gaseous  fuel  only  would  accomplish  the  work  success- 

fully. 

2d.  That  since  a  high  temperature  was  required  to  insure  a  rapid 
oxidation  of  the  sulphur,  and  also  to  make  the  ore  open  and  porous, 
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it  was  absolutely  necessary  to  so  construct  a  kiln  that  one  could 
control  the  process  by  having  access  to  the  ore  during  the  whole  time 
it  remained  in  the  kiln,  more  particuhirly  in  the  liot  zone. 

3d.  That  since  the  elimination  of  sulphur  is  so  imperfect,  even 
at  a  high  temperature,  while  the  ore  is  in  contact  with  the  gaseous 
products  of  combustion,  the  ore  should  he  withdrawn  from  such  contact 
as  soon  as  possible  after  it  had  attained  the  necessary  temperature. 

But  while  we  had  progressed  far  enough  to  learn  what  we  wanted 
to  do,  we  were  yet  at  a  loss  to  know  how  to  do  it.  I  had  heard 
of  a  kiln,  known,  I  think,  as  the  Hudson  kiln,  which  was  a  kind 
of  gas  kiln,  consisting  of  a  vertical  shaft  about  eight  feet  diam- 
eter, and  surrounded  with  chambers  near  the  bottom  for  firing 
with  coal  in  front  of  the  ore,  for  the  purpose  of  heating  it,  instead 
of  burning  coal  mixed  through  the  ore.  This  kiln  was  tried  quite 
extensively  some  six  or  eight  years  ago,  but  seemingly  without 
good  results.  The  heat  of  the  fire-chambers  having  been  insuf- 
ficient, coal  was  mixed  with  the  ore,  resulting  in  the  same  difficul- 
ties as  have  been  experienced  in  other  attempts  of  this  kind.  There 
was  too  little  heat  in  one  place,  and  too  much  in  another,  with  con- 
sequent clinkering  and  all  the  usual  difficulties  of  the  ordinary  lime- 
kiln practice,  aggravated  by  the  obstructions  which  the  firing-cham- 
bers opposed  to  punching  and  working  the  ore  at  the  most  important 
point. 

The  Westman  Swedish  kiln  was  the  only  real  gas  kiln  then  in 
use,  but  only  one  had  ever  been  built  in  this  country  to  my  knowl- 
edge, and  that  was  used  very  little.  All  the  kilns  in  use  in  Sweden 
were  run  with  furnace  gas  as  far  as  I  could  ascertain,  and  I  could 
get  no  data  as  to  the  amount  of  gas  required.  The  expense  of 
working  seemed  to  be  excessive  when  roasting  magnetic  ores,  which 
are  sticky  at  high  temperatures,  and  much  labor  was  required  in 
punching  to  work  the  ore  down,  causing  irregular  dropping,  and, 
consequently,  allowing  more  or  less  poorly-roasted  ore  to  come 
through,  which  had  to  be  sorted  out  and  put  back.  The  Swedish 
kiln  is  simply  a  vertical  shaft  with  gas  jets  entering  all  around  it 
near  the  bottom,  with  but  little  or  no  arrangement  for* facilitating 
combustion. 

I  would  here  remark  that,  as  far  as  my  experience  goes,  compara- 
tively no  gas  is  burned  after  it  enters  the  ore,  even  if  it  is  hot  and 
air  present,  analyses  having  shown  that  gases  only  partly  burned 
before  entering  the  hot  ore  contained  no  more  carbonic  oxide  than 
the  escaping  gases  above  the  ore. 

VOL.  IX. — 20 
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The  ore  in  the  centre  of  a  Swedish  kiln  in  operation  remains 
stationary,  forming  what  may  be  called  a  cone,  between  which  and 
the  inside  of  the  outer  wall  all  the  roasting  is  done;  or,  in  other 
words,  the  ore  is  roasted  in  the  annular  space  of  say  16  to  24  inches, 
formed  by  this  cone  and  the  inside  of  the  outer  wall. 

I  tried  this  plan,  with  a  brick  instead  of  an  ore  centre,  but  with 
all  the  producer  capacity  we  could  command  we  could  not  make  gas 
enough  to  heat  over  five  or  ten  tons  of  ore  per  day,  which  convinced 
rae  that  great  improvements  must  be  made  in  gas  consumption  be- 
fore we  could  roast  ore  successfully  with  producer  gas. 

The  first  improvement  was  to  utilize  for  a  combustion-chamber 
the  centre,  which,  in  the  Swedish  kiln,  is  dormant.  The  second  was 
to  divide  the  annular  space,  thus  formed,  into  vertical  ore-chambers, 
so  that  the  ore  could  be  dropped  in  sections,  by  radial  piers,  through 
a  flue,  in  the  top  of  which  the  hot  gases  from  the  combustion-cham- 
bers could  be  discharged.  The  third  w^as  to  offset  the  inside  of  the 
outer  wall  inward,  forming  with  the  slope  of  the  ore  a  triangular  flue 
on  the  outside  of  the  chambers,  which  was  connected  directly  with 
the  flues  through  the  radial  piers,  thus  enabling  us  to  burn  the  gas 
in  the  centre  and  discharge  it  into  the  ore  from  the  outside,  where 
the  temperature  and  working  of  the  kiln  can  be  watched,  without 
any  obstructions  of  gas-pipes,  fire-chambers,  etc.,  to  prevent  the 
working  and  punching  down  of  the  ore. 

This  triangular,  or  what  we  call  the  circulating  flue,  presents 
an  exposed  face  of  ore  for  heating  on  a  slope  of,  say  45°  for  about 
12  inches  and  from  side  to  side  of  the  ore-chamber,  the  outside 
wall  of  the  kiln  opposite  the  ore-chambers  being  a  series  of  arches, 
one  above  the  other,  to  give  access  for  punching  and  working. 

This  is  a  general  description  of  the  kiln  or  furnace  as  we  worked 
it  up  to  last  summer;  but  it  was  still  far  from  satisfactory,  on  ac- 
count of  the  arches  forming  a  lodgement  for  clinkers  which  required 
too  much  labor  to  work  down,  besides  causing  irregular  dropping, 
and  thus  allowing  more  or  less  ore,  not  properly  heated,  to  pass  the 
heating  zone. 

My  assistant,  Mr.  N.  M.  Langdon,  finally  designed  the  modifica- 
tion of  the  ore-chambers  now  in  use,  as  shown  in  the  accompanying 
drawings. 

The  front  or  outer  walls  are  corrugated  or  made  convergent, 
and  at  the  angle  thus  formed  are  placed  the  working  openings, 
suitably  protected  with  castings  of  iron,  in  this  way  avoiding  the 
obstructions  caused  by  tlie  arches  to  the  downward  passage  of  the 
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ore,  and  at  the  same  time  giving  as  good,  if  not  better,  access  with  a 
working  bar  to  the  ore,  in  all  parts  of  the  chamber.     We  are  thus 

Fig.  1.  Fig.  2. 
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enabled  to  drop  the  ore  uniformly  and  with  comparatively  little 
labor.  We  have  no  trouble  now  in  roasting  in  the  best  manner  50 
tons  per  day  in  a  seven-shoot  furnace,  14  feet  outside  diameter,  and  36 
feet  high.  Three  to  four  men  on  turn  can  operate  it,  and  the  aver- 
age daily  consumption  of  anthracite  broken  coal,  for  making  the  gas, 
is  2J  tons. 

For  the  purpose  of  roasting  ores  less  high  in  sulphur,  or  for  elim- 
inating carbonic  acid  or  water,  the  capacity  of  the  furnace  would 
be  increased  from  50  to  100  per  cent.,  with  corresponding  reduction 
in  cost  per  ton. 

The  cost  for  construction  is  from  $1800  to  $2000,  made  up  as  fol- 
lows : 


Rough  stonework, 
Red  brick,     . 
Firebrick, 
Cast  iron, 
Wrought  iron. 


40  cubic  yards. 
46,500 
16,500 

16,500  pounds. 
4:250       " 


The  object  of  what  may  seem  to  be  excessive  height  of  the  furnace 
is  to  hold  the  ore  after  being  heated,  in  the  presence  of  atmospheric 
air  only;  during  the  whole  time  it  will  retain  its  heat.  Hence  oxi- 
dation is  accomplished  to  the  fullest  extent,  and  no  heat  is  lost  in 
operating  the  furnace  (except  by  radiation),  all  the  heat  leaving  the 
ore  in  its  downward  passage  going  up  to  the  support  of  the  hot  zone 
at  the  circulating,  flue. 

Ores  thus  roasted,  being  open  and  porous,  work  very  satisfacto- 
rily in  the  blast  furnace.  We  have  carried  a  burden  of  1.8  pounds 
of  ore  to  1  pound  of  coal,  with  700*^  blast-heat,  making  '^o.  2 
foundry  iron. 

In  operating  the  kiln  or  furnace,  when  the  ore  at  the  circulating 
flue  has  reached  the  proper  temperature  (which  is  determined  by  the 
keeper  through  one  of  the  working-holes  opposite),  the  gate  at  the 
bottom  of  the  shoot  is  raised  and  a  portion  of  ore  withdrawn.  Then 
the  keeper,  by  using  his  bar  through  the  working  openings,  brings 
down  the  hot  ore  below  the  heating  zone,  and  the  ore  from  above, 
partially  heated  by  the  escaping  gases,  takes  its  place,  to  be  in  its 
turn  heated  and  dropped.  It  will  thus  be  seen  that  the  ore  must  be 
drawn  to  suit  the  conditions  in  the  roasting  furnace,  and  not  accord- 
ing to  the  requirements  of  a  blast  furnace. 

Our  roasting  furnace  is  at  the  mines,  and  we  hav^e  always  run  it 
with  producer  gas.     I  have  little  doubt,  however,  but  that  most 
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blast  furnaces  could  spare  enough  gas  to  roast  all  the  ore  they  use  in 
this  way. 

We  have  never  been  able  to  reduce  the  sulphur  below  0.10  per 
cent.,  even  when  the  ore  was  almost  entirely  oxidized,  but  it  usually 
runs  from  0.30  to  0.40  per  cent.  With  J  per  cent,  sulphur  in  the 
ore  our  iron  seldom  contains  over  0.05  per  cent.,  with  silicon  from 
1.00  to  1.50  percent. 

As  far  as  my  experience  goes  I  do  not  think  it  is  practicable  to 
reduce  the  sulphur  in  our  high  sulphurous,  dense  magnetites  below 
0.25  per  cent.,  and  from  my  blast-furnace  experience  it  does  not 
seem  necessary. 

Our  ore  is  broken  to  go  through  a  4-inch  diameter  ring.  Much 
fine  ore  is  objectionable.  The  kiln  will  not  drive  when  the  quantity 
used  exceeds  5  or  10  per  cent. 

As  regards  wear  and  tear  I  am  of  the  opinion,  from  the  experience 
we  have  had  so  far,  that  a  well-constructed  furnace  would*  run  at 
least  one  year  continuously  without  any  repairs  worth  mentioning, 
and  if  the  inside  was  worn  out  by  that  time,  about  $400  would  be 
the  expense  of  making  it  good ;  so  this  amount  would  cover  the 
wear  and  tear  on  say  18,000  tons  ore,  or  3  cents  per  ton. 


A  FLUXING  GAS-PEODUCER  FOB  MAKING  HEATING  GAS. 

BY   W.    J.    TAYLOU,    CHESTER,   N.    J. 

In  making  heating  gas  v/ith  anthracite  coal  for  roasting  ore  dur- 
ing the  past  few  years,  I  have  tried  many  forms  of  gas  generators. 
So  far,  the  most  successful  and  satisfactory  one  has  been  what  we 
call  a  fluxing  producer,  which  is  simply  a  small  cupola  or  blastfur- 
nace, in  which  we  charge  with  the  coal,  say,  30  or  40  per  cent,  of 
basic  blast-furnace  cinder,  to  unite,  when  melted,  with  the  ash  or 
earthy  matter  in  the  coal,  and  carry  it  off  as  cinder.  The  producer 
we  have  in  use  at  Chester,  N.  J.,  has  more  of  tlie  lines  of  a  blast  fur- 
nace than  a  cupola,  the  hearth  being  24  inches  diameter  and  24 
inches  high.  It  then  enlarges  on  an  angle  of  about  25  degrees  from 
a  perpendicular  to  4  feet,  and  then  is  drawn  into  3  feet  on  top  ;  total 
height,  12  feet.  We  use  one  water  coil-tuyere  12  inches  above  the 
bottom,  and  blow  through  a  IJ-inch  nozzle.  The  depth  of  coal 
above  the  tuyere  averages  about  6  feet.     The  producer  is  blown  with 
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a  small  Weimer  blowing  engine  24  inches  diameter  and  12  inches 
stroke,  delivering  six  cubic  feet  of  air  to  a  revolution,  or  300  feet  of 
air  per  minute.  It  consumes,  say,  200  pounds  of  coal  per  hour,  which 
is  about  80  feet  of  air  for  1  pound  of  coal.  The  air  pressure  is  from 
1  pound  to  IJ  pounds  to  the  square  inch.  The  cinder  is  tapped  out 
about  every  two  hours,  and  is  black  and  glassy.  In  this  way  we 
get  a  continuous  flow  of  gas  as  long  as  the  engine  is  kept  running. 
We  have  run  for  at  least  four  weeks  without  a  moment's  stoppage  or 
change  of  any  kind.  We  depend  upon  cinder  mainly  for  fluxing, 
and  though  we  often  use  a  little  limestone  with  it,  we  have  never 
tried  to  do  without  cinder  entirely.  The  only  fuel  used  so  far  has 
been  anthracite  coal,  broken  or  egg  sizes  giving  the  best  results. 
We  have  not  been  able  to  make  fine  anthracite  work  at  all.  I  have 
no  doubt  that  almost  any  kind  of  bituminous  coal  could  be  used,  if 
not  too  fine. 

The  advantages  in  favor  of  this  producer  are  : 

1st.  It  makes  an  excellent  gas,  very  uniform  in  quality.  There 
is  so  much  incandescent  fuel  above  the  tuyere  that  no  air  can  escape 
unconsumed,  and  the  gas  is  almost  entirely  free  from   carbonic  acid. 

2d.  There  is  no  cleaning  of  ashes  to  be  done,  consequently  there 
is  no  cessation  of  the  flow  of  gas  and  no  waste  of  coal, — a  very  im- 
portant matter. 

8d.  The  quantity  of  gas  from  this  producer  can  be  increased  by 
simply  increasing  the  volume  of  air  entering  it,  and  any  one  familiar 
with  blast-furnace  practice  can  run  it,  particularly  if  cinder  for 
fluxing  is  available.  The  power  required  for  blowing  the  producer 
for  burning  200  pounds  of  coal  per  hour  is,  say,  45,000  foot-pounds 
or  IJ  horse-power,  which,  at  3  pounds  of  coal  per  horse-power  per 
hour,  would  amount  to  2J  per  cent,  of  the  coal  burned  in  the  pro- 
ducer. 


GAS-PRODUCERS  USING  BLAST. 

BY  F.   H.    DA:^^rIELS,   WORCESTER,    MASS. 

In  this  paper  it  is  my  intention  to  call  your  attention  to  a  few  of 
the  many  producers  using  blast,  now  in  common  use  in  Sweden,  and 
also  those  constructed  by  the  Washburn  &  Moen  Manufacturing 
Company  at  their  Quinsigamond  Works. 

During  a  prolonged  stay  in  Sweden  the  writer  had  an  opportunity 
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to  study  and  examine  the  various  mctallargical  processes  and  opera- 
tions as  conducted  in  that  well-known  iron-producing  country.  One 
of  the  greatest  obstacles  Sweden  has  in  the  way  of  leading  the  world 
in  the  iron  manufacture  is  the  great  scarcity  of  native  fossil  fuel, 
which  is  only  found  in  very  small  quantities  and  of  very  poor  quality 
in  the  south  of  Sweden.  The  Swedish  ironmasters  are  therefore 
obliged  to  use  all  kinds  of  combustible  materials  for  producing  gas 
to  be  used  in  the  Siemens  heating  and  Martin  steel  furnaces.  Hence 
producers  of  special  design  adapted  to  the  different  kinds  of  wet 
fuel  have  been  constructed,  and  at  the  present  time  are  in  use  all  over 
Sweden,  giving  very  satisfactory  results. 

The  following  fuels  are  used  :  saw^lust,  wood,  peat,  charcoal,  and 
bituminous  coal.  Charcoal  is  at  the  present  time  but  little  used  on 
account  of  its  extra  cost  and  exceptionally  good  quality  for  other 
purposes  which  require  a  very  pure  fuel  ;  but  when  it  is  used  it  is 
commonly  mixed  with  peat,  wood,  or  bituminous  coal.  The  ques- 
tion of  cost  also  affects  the  use  of  bituminous  coal,  which  is  imported 
wholly  from  England,  and  the  transportation  to  many  of  the  works 
situated  in  the  interior  is  very  expensive.  Sawdust  is  used  directly 
as  it  comes  from  the  saw-mills,  or  from  the  storehouse  where  it  has 
accumulated,  and  it  is  seldom  mixed  with  other  fuels.  Wood  in- 
cludes slabs  and  all  refuse  from  the  saw-mills  and  trimmings  from 
the  forest  trees,  such  as  limbs  and  branches  which  are  too  small  to 
be  converted  into  charcoal.  There  is  a  great  abundance  of  peat  in 
parts  of  Sweden,  which  is  cut  in  early  summer  and  stored  in  houses 
in  sufficient  quantities  for  the  years'  supply;  it  is  air-dried  as  much 
as  possible,  but  even  then  contains  25  to  80  per  cent,  of  water,  de- 
pending upon  the  kind  of  drying  weather  during  the  summer.  It 
would  seem  that  nothing  of  a  combustible  nature  is  allowed  to  be 
wasted.  Everything  that  \vill  burn  is  gathered  into  storehouses  and 
used  as  fuel  for  the  various  metallurgical  operations  requiring  gas. 

All  of  these  materials  contain  more  or  less  water,  as  high  as  80 
per  cent,  in  peat.  On  this  account  much  difficulty  has  been  found 
in  producing  gas  without  the  use  of  blast,  and  at  present  blast  has 
been  adopted  both  for  the  gas-producers  and  furnaces,  the  common 
pressure  being  from  0.2  to  0.4  of  an  inch  of  mercury,  and  some- 
times even  higher.  But  it  is  a  fact  that  the  higher  the  pressure  the 
poorer  the  gas,  and  for  this  reason  it  is  rarely  increased  above  0.4  of 
an  inch. 

To  free  the  gases  from  the  steam  which  is  generated  with  these 
fuels,  which  all  have  more  or  less  water,  the   producers   have  con- 
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nected  with  them  condensers,  which  in  many  respects  are  similar  to 
the  ordinary  jet  condenser  of  the  steam-engine.  The  results  are 
very  good ;  the  gas  passes  from  the  condenser  practically  free  from 
moisture  but  with  the  loss  of  the  condensable  hydrocarbon  gases, 
which  are  of  small  quantity  in  the  fuels  above  enumerated.  Within 
a  few  years  the  Swedish  Commission  upon  fisheries  have  found  that 
the  products  of  condensation  have  so  contaminated  the  streams  and 
lakes  as  to  destroy  the  fish  in  large  numbers,  and  many  works  have 
been  obliged  for  this  reason  to  put  in  surface  condensers,  which  give 
equally  good  results  but  are  more  expensive  and  troublesome,  owing 
to  the  flues  filling  up  with  tar,  and  the  necessity  of  disposing  of  the 
condensed  products. 

The  gas  as  it  passes  from  the  condenser  is  dry  and  clean,  and 
always  under  the  pressure  due  to  the  blast,  which  can  be  regulated  as 
desired.  The  conductors  to  the  furnaces  are  free  from  tar  and  other 
obstructing  matter,  and  the  troul)lesome  operation  of  burning-out  is 
thus  avoided.  At  many  works  the  gas  flues  are  made  out  of  wood, 
put  together  in  a  cylindrical  form  with  iron  hoops,  making  a  very 
durable  and  cheap  conductor,  and  without  any  trouble  from  leakage. 

The  leading  types  of  gas-producers  now  in  use  in  Sweden  may  be 
classified  in  a  general  way  as  follows : 

1st.  Producers  using  sawdust. 

2d.  Producers  using  short  wood. 

3d.  Producers  using  long  wood. 

4th.  Producers  using  peat,  with  wood  or  coal,  or  all  three  mixed. 

Sawdust,  short  wood  and  long  wood  are  almost  always  used  sepa- 
rately and  constitute  the  fuel  for  the  first  three  classes,  while  peat  is 
almost  always  mixed  with  short  wood,  and  at  many  works  with 
bituminous  coal.  The  accompanying  drawings  illustrate  in  a  gen- 
eral way  the  different  kinds  of  producers  as  now  in  use. 

1st.  Producers  using  Sawdust  as  a  Fuel. — On  Plate  I  is  shown  a 
producer  which  is  in  operation  at  the  Domnarfvet  Iron  Works  near 
Falun,  in  Dalecarlia.  Fig.  1  is  a  longtitudinal  vertical  section  through 
the  producer  and  condenser  on  the  line  A  B.  Fig.  2  is  a  plan  and 
horizontal  section  at  C  D  and  EF.  Fig.  3  is  a  near  view.  Fig.  4  is  a 
front  view.  The  form  is  cylindrical  and  is  composed  of  an  outside 
shell  of  boiler  plate  8  feet  in  diameter  and  14  feet  high.  This  is 
lined  with  one  course  of  firebrick  6^^  thick.  Blast  is  brought  in 
under  the  grate  by  the  pipe  A,  and  the  ash-pit  is  arranged  with  two 
doors,  one  for  the  removal  of  ashes  and  the  upper  one  for  cleaning 
the  grate ;  there  is  also  a  poke-hole,  B,  for  the  removal  of  scaffolds. 
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The  gas  passes  out  at  C  directly  to  the  condenser  D,  and  is  there 
brought  into  contact  with  a  spray  of  water  from  the  water-pipes  E. 
The  condenser  is  composed  of  cast-iron  plates,  put  together  as  shown 
in  Figs.  1  and  2.  The  condensed  products  with  the  condensing 
water  fall  into  the  canal  F,  and  the  level  of  the  water  is  retained 
high  enough  to  prevent  the  gas  escai)ing,  as  shown  in  Fig.  1.  The 
gas  passes  off  from  the  condenser  with  two  exits.  The  pipe  H  is 
used  for  the  escape  of  the  gas  while  firing  or  lighting  up,  and  until 
the  gas  is  of  good  quality,  when  it  is  turned  into  the  other  connect- 
ing with  the  main  gas  flue  I,  which  conducts  the  gas  to  the  furnace. 
The  fuel,  obtained  from  the  company's  saw-mill  near  by,  is  charged 
to  a  depth  of  about  6  or  7  feet  above  the  grate.  The  gas  is  used  in 
heating  and  Siemens-Martin  steel  furnaces.  Great  care  must  be  taken 
in  the  management  of  this  class  of  producers,  as  explosions  are  liable 
to  happen  if  they  are  not  properly  managed,  owing  to  scaffolds  form- 
ing and  falling  in  and  allowing  the  air  to  mix  directly  with  the  gas. 
2d.  Producers  using  Short  Wood  as  Fuel. — Figures  5,  6,  7,  8,  on 
Plate  I,  show  a  producer  used  by  the  Uddeholm  Company  at  their 
Munkfors  Works.  Fig.  5  is  a  vertical  section  on  line  A  B.  Fig.  6 
is  a  vertical  section  on  line  C  D.  Fig.  7  is  a  plan  and  Fig.  8  a  hori- 
zontal section  at  E  F.  The  base  of  the  producer  in  horizontal  section 
is  11  feet  square  and  8  feet  high,  above  which  the  form  is  cylindrical, 
being  11  feet  outside  diameter  and  9  feet  inside  diameter,  the  total 
height  of  the  producer  being  22  feet.  The  outside  course  of  masonry 
is  composed  of  brick  cast  out  of  heating-furnace  cinder,  which  is 
used  very  much  at  these  works  for  building  purposes.  The  outside 
shell  is  lined  with  red  brick  at  the  base  and  top,  and  finally  with 
one  six-inch  course  of  firebrick.  The  producer  is  held  in  shape  by 
wrought-iron  rings  and  tie  bars  as  shown  in  Figs.  5  and  6.  The 
blast  is  brought  in  by  the  pipe  A,  and  distributed  into  the  several 
ash-pits  B  B  (Fig.  8),  which  are  separated  from  each  other  by  par- 
tition walls  C  C.  There  is  one  door  for  two  ash-pits,  and  it  is  pro- 
vided with  a  poke-hole  D,  and  a  peek-hole  E.  Water  is  circulated 
through  the  pipes  F.  The  gas  passes  out  by  the  pipe  G  directly  to 
the  condenser,  which  is  similar  to  that  in  Figs.  1  and  2.  The  fuel  is 
about  16  feet  deep  and  is  composed  of  the  waste  short  wood,  about  1 
to  2  feet  long,  from  the  company's  saw-mills.  They  have  also  at  the 
same  works  producers  for  sawdust  and  long  wood.  The  gas  is  con- 
ducted through  wooden  pipes,  about  two  feet  in  diameter,  and  is  used 
in  three  four-ton  open-hearth  steel  furnaces,  and  a  number  of  heat- 
ing furnaces. 
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Sd.  Producers  using  Long  Wood  as  Fuel. — Figures  9,  10,  1 1  and 
12,  Plate  I,  show  a  producer  also  in  use  at  Munkfors.  Fig.  9  is  a 
vertical  section  at  A  B.  Fig.  10  a  section  of  charging  device. 
Fig.  11a  vertical  section  at  C  D.  Fig.  12  a  horizontal  section 
at  E  F  and  G  H.  The  horizontal  section  is  rectangular  and  the 
outside  dimensions  are  IV  wide  and  17'  long?  ^»d  the  inside 
dimensions  9'  wide  and  15''  long.  The  cross-section  on  the  line 
B  B  is  very  much  like  the  corresponding  section  of  the  producer 
for  short  wood ;  the  blast  is  brought  into  the  several  "ash-pits  as 
shown  in  Fig.  11,  and  the  general  arrangement  is  like  the  pro- 
ducer for  short  wood.  The  fuel  in  long  pieces  is  charged  in  at 
the  two  openings  A  A,  also  short  fuel  by  the  two  charging  hop- 
pers on  top  of  the  producer.  The  arrangement  for  preventing 
the  escape  of  gas  while  charging  the  long  wood  is  very  ingenious, 
the  operation  being  as  follows  :  Just  before  charging  blast  is  let  on 
by  the  pipe  B,  and  is  conducted  into  the  charging  opening  C  by  the 
thin  annular  opening  at  D,  but  not  with  a  pressure  sufficient  to  lift 
the  valve  E  and  let  the  air  into  the  producer.  The  door  F  is  opened 
and  the  stick  of  wood  quickly  pushed  in,  which  opens  the  valve  E. 
The  air  meets  the  gas,  which  prevents  its  entrance  into  the  producer 
in  any  appreciable  amount,  and  at  the  same  time  completely  pre- 
vents any  escape  of  gas,  the  air  escaping  out  of  the  open  door.  After 
the  charging  is  finished  the  blast  is  shut  off.  The  gas  passes  out  by 
the  openings  F  F  into  the  condenser.  Very  much  trouble  was  ex- 
perienced with  this  kind  of  fuel  and  very  many  explosions  resulted, 
but  the  experience  was  soon  gained,  and  for  several  years  this  fuel 
has  been  used  with  perfect  success,  saving  the  expense  of  cutting  the 
slabs  into  short  pieces. 

Ath.  Producers  using  Peat,  with  Wood  or  Coed,  or  all  three  Mixed, — 
Figures  13,  14,  15,  Plate  II,  give  a  good  illustration  of  this  kind  of 
producer,  which  is  in  operation  at  the  Bofors  Company's  Works,  at 
Wermland.  Fig.  13  is  a  vertical  cross-section  through  two  producers 
and  their  condensers  and  the  producer-house  on  line  A  B  and  C  D. 
Fig.  14  is  a  longitudinal  vertical  section  through  the  condenser  and 
producer-house  on  line  E  F,  and  Fig.  15  is  a  horizontal  section  at  G  H 
and  I  K.  The  outside  shell  is  composed  of  brick  cast  from  blast-fur- 
nace slag  and  is  12  inches  thick;  this  is  lined  with  6"  of  firebrick. 
There  are  four  ash-pits,  each  of  which  is  supplied  with  blast  from  the 
pipe  A,  and  is  brought  in  at  B.  C  is  a  cast-iron  water-bosh  through 
which  cold  water  is  circulated.  The  charging  operations  consist  of  a 
cone  D,  and  cover  E,  which  is  sealed  with  water  when  in  place.     The 
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gas  passes  out  by  the  cast-iron  pipes  F  into  the  condenser,  and  as  it 
passes  down\Yard  comes  in  contact  with  the  shower  of  water  from 
the  pipe  G,  passing  into  the  central  passage  H,  common  to  both  pro- 
ducers, and  finally  into  the  main  flue  I.  The  condenser  is  constructed 
entirely  of  blast-furnace  slag  brick.  Fuel  is  brought  to  the  top  of 
the  producer  by  the  inclined  railway  J.  The  car  is  drawn  up  by  a 
chain  wound  upon  the  drum  and  driven  by  the  shaft  K.  The  cost 
of  these  producers  with  the  building  was  very  small,  being  con- 
structed almost  wholly  of  blast-furnace  brick.  The  producers  supply 
two  three-ton  open-hearth  steel  furnaces. 

The   Washburn    &    Moen    Manufacturing    Company  have  con- 
structed ten  gas-producers  from  designs   by  Mr.  Charles  H.  Mor- 
gan, superintendent,  which    in   many  respects  are  similar   to   the 
Swedish  producers.      They  are  illustrated   by  Figs.    16,    17,    18, 
Plate   II.      Fig.   16   is  a   cross-section   on  the    line  A  B.       Fig. 
17   is  a   longitudinal    section    at    C  D.       Fig.   18   is   a  plan   and 
horizontal  section  at  E  F  and  G  H.     The  fuel  is  brought  from  the 
coal-bank  in  cars  by  a  narrow-gauge  railroad,  and  the  car  is  hoisted 
by  the  hydraulic  elevator  A  to  the  charging-floor,  where  it  can  be 
run  the  whole  length  of  the  building  upon  a  track  which  is   built 
upon  trestle-work  five  feet  above  the  charging-floor.     The  fuel  can 
be  dumped  opposite  any  of  the  producers  by  withdrawing  the  latch 
which  holds  the  hinged  bottom   of  the  car,  and   in   sufficient  quan- 
tities for  the  night's  supply.    The  producer  is  composed  of  a  wrought- 
iron  shell  ^%'^  iron,  7  feet  diameter  and   12  feet  high.     It  is  lined 
with  one  9''  course  of  firebrick,  with  a  sand-space  outside.     The 
ash-pit  has  two  doors  opposite  each  other,  and  the  blast  is  brought 
in  by  the  pipe  C  and   under  the  grate  at  H.     The  gas  passes  out 
through  the  cast- iron  pipe  E  (which   is   provided   with  a  valve  F), 
into  the  main  gas-flue,  which  is  about  80   feet  long  and  3  feet  in 
diameter,  and  the  expansion   is  so  great  as  to  prevent  rigid  con- 
nection with  the  cast-iron   pipe  E.     To  overcome  this  the  pipe  E 
has  cast  to  it  a  circular  pipe  which  drops   into  the  annular  space  in 
the  cast-iron  ring  bolted  to  the  main  flue,  the  annular  space  being 
wide  enough  to  allow  of  2   inches  movement  each  way.     After  the 
annular  space  has  been  filled  with  sand,  the  joint  is  made,  and  the 
flue  free  to  expand.     The  fuel   is  charged  into   the  upper  hopper, 
dropped  into  the  lower  hopper,  and  then  into  the  producer,  as  shown 
at  I.     This  method  prevents  a  very   great   loss  of  gas,  which  is  of 
considerable  account,  since  the  gas  is  under  pressure.     These  pro- 
ducers  have    been    using    anthracite,   anthracite   and    bituminous 
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coal  mixed,  and  bituminous  coal,  and  have  been  giving  good  re- 
sults, but  the  writer  is  unable  to  say  which  fuel  gives  the  most 
economical  results.  They  are  now  worked  with  bituminous  coal 
with  a  pressure  of  blast  from  .1  to  .2  inches  of  mercury.  These  pro- 
ducers have  been  in  operation  for  one  year,  supplying  one  large 
Siemens  reheating  furnace  for  21 -foot  billets  and  a  furnace  for  re- 
heating charcoal  blooms.  Blast  is  also  used  in  the  furnace  at  the 
same  pressure  as  at  the  producers,  both  being  supplied  from  the 
same  blower.  The  writer  is  much  indebted  to  Mr.  Charles  H. 
Morgan  for  drawings  and  assistance. 


NOTE  ON  THE  ESTIMATION  OF  COPPER  IN  SPEISE. 

BY  F.  C.  BLAKE,  MANSFIELD  VALLEY,  PA. 

The  best  method  for  the  estimation  of  copper  in  ores  and  second- 
ary products  is  that  proposed  by  Dr.  Steinbeck*  for  the  award  offered 
by  the  Mansfeld'schen  Ober-Berg-und  Hiitten-Direction.  It  is 
based  upon  the  decolorization  of  the  blue  ammonia  solution  of  cop- 
per by  potassic  cyanide.f  It  is  necessary  for  the  accurate  estimation 
of  copper  in  arsenides  that  the  arsenic  be  separated  from  the  copper 
before  the  ammonia  solution  is  made.  The  presence  of  a  notable 
amount  of  arsenic  renders  the  titration  by  potassic  cyanide  inaccu- 
rate, the  end  reaction  being  obscured  by  the  appearance  of  a  yellow- 
ish-green tint  towards  the  end  of  the  titration.  The  change  of  the 
color  of  the  ammonia  solution  from  blue  to  the  tint  caused  by  the 
presence  of  arsenic  cannot  be  used  for  an  end  reaction,  for  the  inten- 
sity and  quick  appearance  of  the  latter  color  depend  upon  the  amount 
of  arsenic  present  in  the  solution. 

In  the  analysis  of  speise,  the  method  of  separating  the  copper  by 
an  oxidizing  and  reducing  treatment  in  the  muffle,  to  volatilize  the 
arsenic,  gives  poor  results,  and  there  may  easily  be  some  loss  of  the 
weighed  sample.  The  separation  of  the  precipitated  sulphides  of 
arsenic  and  copper  by  treating  with  sodic  sulphide,  gives  good  re- 
sults, but  the  process  is  tedious. 

I  have  used  the  two  following  methods,  which  are  simpler  and 
more  expeditious  than  those  mentioned,  with  good  results. 

*  Fresenius,  Zeitschrift  fiir  Anal.  Chemie.,  viii,  1. 

f  First  noted  by  Parkes  in  the  Mining  Journal  for  1851. 
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A.  The  weighed  sample  of  ?peise  is  heated  first  with  sulphuric 
acid  (concentrated  acid  diluted  with  about  an  equal  portion  of  water), 
which  will  not  usually  effect  complete  solution ;  sufficient  concen- 
trated nitric  acid  is  then  added  to  produce  complete  decomposition 
of  the  speise.  The  solution  is  then  evaporated  for  half  an  hour  or  a 
little  longer  after  fumes  of  sulphuric  acid  appear,  then  diluted  with 
water  and  the  copper  precipitated  by  metallic  zinc  for  re-solution ; 
or,  if  com])arative  results  only  are  needed,  the  acid  solution  is  treated 
directly  with  ammonic  hydrate.  The  amount  of  arsenic  present  in 
the  final  ammonia  solution  will  not  be  sufficient  to  interfere  with  the 
titration  by  potassic  cyanide. 

B.  The  weighed  sample  is  fused  in  a  porcelain  crucible  with 
potassic  orsodic  bisul[)hate  until  completely  decomposed.  The  fused 
mass  is  then  dissolved  in  hot  water.  The  solution  will  contain  too 
little  arsenic  to  affect  the  end  reaction  in  the  ammonia  solution. 

This  method  is  simpler  than  the  use  of  sulphuric  and  nitric  acids 
for  solution,  but  careful  watching  is  required  during  the  process  of 
fusion  to  avoid  loss. 

I  give  the  following  results  of  analyses  of  speise: 


I. 

II. 

III. 

Separation  by  sodic  sulphide, 

17.2 

12.3 

7.95  per  cent.  Cu 

"            "   method  A, 

17.0 

12.1 

7.80    "     "        " 

a               it            u         3^ 

16.9 

12.2 

(1         ((               u 

From  another  sample  of  speise  I  obtained  results  as  follows : 
Method  A,  evaporation  continued  forty-five  minutes  after  the  appear- 
ance of  sulphuric  acid  fumes — 5.7  per  cent.  Cu.  Method  A,  evapora- 
tion continued  but  a  few  minutes  after  sulphuric  acid  fumes  were  first 
given  off — 5.1  per  cent.  Cu.  By  evaporation  with  hydrochloric  instead 
of  sulphuric  acid,  5.2  per  cent.  Cu  was  obtained.  In  the  last  two 
examples  the  arsenic  was  not  completely  removed  and  titration 
was  made  as  closely  as  possible  to  the  appearance  of  the  characteris- 
tic color  due  to  arsenic. 
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JS'OTUS  ON  THE  ASSAY  SPITZLUTTE, 

FROM   THE    MINING    LABORATORY   OF   THE    MASSACHUSETTS    INSTI- 
TUTE  OF    TECHNOLOGY. 

BY  ROBERT  H.    RICHARDS,    S.B.,    PROFESSOR   OF  MINING. 

The  spitzlutte,  as  described  by  Rittinger,  is  an  instrument  by 
which  sand  is  sorted  in  a  continual  upward-flowing  stream  of  water. 
Its  usual  form  is  that  of  a  pointed  box,  placed  with  the  point  down- 
ward, the  box  receiving  its  feed  of  sand  and  water  on  one  side  and 
discharging  its  tailings  on  the  other.  The  sorted  product  or  con- 
centration is  discharged  at  the  bottom,  at  the  apex  of  the  box, 
through  which  it  falls  against  an  upward  current  of  w^ater,  which 
current  serves  to  effect  the  sorting  and  separation.  To  make  this 
exposure  to  the  quicksand  condition  still  more  effective,  an  inverted 
dam  is  placed  across  the  spitzlutte,  which  forces  the  sand  in  its  pas- 
sage from  the  feed  side  to  the  discharge  to  pass  down  into  the  more 
active  portion  of  the  up  ward -flowing  current  of  water. 

In  the  form  adopted  for  small  tests  in  the  mining  laboratory  of 
the  Massachusetts  Institute  of  Technology  (see  accompanying  sketch) 
the  feed  is  through  a  central  funnel  instead  of  being  at  the  side,  and 
the  apex  of  this  funnel,  extending  down  nearly  to  the  apex  of  the 
cone,  takes  the  place  of  the  inverted  dam  in  the  large  spitzlutte. 
To  keep  the  experiment  perfectly  under  control  a  bulb  or  bottle  is 
attached  by  a  rubber  connecting-tube  to  receive  the  concentrations, 
and  between  this  bottle  and  the  apex  of  the  spitzlutte  is  placed  a 
glass  tube  of  conical  form,  with  a  side  tube  for  the  admission  of 
water.  By  regulating  the  admission  of  water  through  this  tube  the 
concentration  may  be  allowed  to  go  down  into  the  bulb  as  fast  or  as 
slowly  as  the  richness  of  the  ore  seems  to  demand. 

This  spitzlutte  may  be  used  on  products  that  have  been  previously 
sized  to  take  out  the  heavy  mineral.  As  an  example  of  this  a  test 
was  made  upon  a  sample  of  ore  where  the  galena,  blende,  and  quartz 
were  much  mixed  up,  but  separated  fairly  when  crushed.  The 
sample  of  ore  was  from  Newburyport,  and  assayed  16.50  per  cent, 
lead.  After  sizing  through  a  series  of  sieves  the  ore  yielded  concen- 
trations and  tailings  to  the  spitzlutte  as  follows : 
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Through.  On. 
12  —  20 
20  —  30 
30  —  40 
40  —  50 
60  —  90 
90  — 


Concentrations, 
Lead. 

47.28  per  cent. 

47.81 

4,>^.61         " 

51.93         " 

50.95         " 

31.93         " 


Middlings, 
Lead. 

11.38  per  cent. 


Waier  and 
Waste  Sand 


Fig.  1. 

Crude  Ore 
and  Water 


'yyy;r,'4 


W/' 


Tailings, 
Lead. 

2.48  per  cent 

1.67         " 

2.56         " 

3.54         " 

1.18         " 

Not  worked 

-.Iron  Funnel 


Iron  Cone 


Glass  Cone 


Water 


Long  rubber 
Connecting  Tube 


v^yoyv//'/'//) 


Glass  Bulb 
or  Bottle 


Ore  and  Water 

SPITZLUTTE 

(,\  Natural  Size  ) 


Again,  this  spitzlutte  can  be  used  on  natural  products.  By  these 
I  mean  products  Jhat  have  been  crushed  simply  without  being  sub- 
jected to  the  usual  process  of  sizing  by  a  series  of  sieves.     In  this 
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case  its  overflow  sand  must  be  re-treated  by  the  miners'  pan  or  sich- 
ertrog  to  extract  the  finer  portion  of  the  ore.  It  makes  a  very  good 
preliminary  to  the  miners'  pan,  taking  out  the  largest  grains,  which 
interfere  with  the  pan's  best  action,  leaving  the  finer  grains  of  ore 
for  the  pan  to  finish. 

The  spitzlutte  has  been  used  by  us  mainly  to  separate  mercury 
and  amalgam  from  pulp  after  amalgamating  tests.  For  this  purpose 
it  is  very  efficient.  It  is  also  used  to  gain  an  approximate  idea  of 
how  an  ore  will  concentrate,  and  how  fine  it  should  be  crushed  in 
order  to  concentrate  it  to  the  best  advantage  on  the  large  scale. 

The  little  jig  (shown  in  the  accompanying  sketch)  used  by  us  as 


Fig.  2. 


Blende 
.•  ■  •'.*    Galena 


® 


S) 


JIG  WITH  GLASS  SIDES 

(JiNatural  Size) 


a  lecture  experiment  and  as  a  test  of  larger  machines  is  6  inches 
deep,  4  inches  long,  and  3  inches  wide,  with  plate  glass  sides, 
wooden  ends,  and  a  sieve  bottom  of  30  meshes  to  the  inch. 

This  jig  will  show  very  perfect  lines  of  separation  between  quartz, 
specific  gravity  2.6  ;  blende,  specific  gravity  4 ;  and  galena,  specific 
gravity  7.5.  It  will  show  a  partial  separation  between  blende,  spe- 
cific gravity  4;  and  magnetite,  specific  gravity  5.1. 

The  separation  of  red  marble,  white  barite,  and  blue  galena  is 
very  marked,  and  makes  a  good  lecture  experiment. 

In  using  this  jig  to  test  the  running  of  larger  machines  it  simply 
shows  with  what  ease  or  difficulty  a  given  set  of  layers  may  be  ob- 
tained. 
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THE  WEAJITNG  CAPACITY  OF  STEEL  RAILS  IN  llELATIOX 

10  THEIR  CHEMICAL  COMrOSITION  ANH 

PHYSICAL  PROPERTIES* 

BY   CIIAPtLES  B.    DUDLEY,    TTLD.,    CTTEMTST,    TENNSYLVANIA    RiMLKOAD 

COMPANY,   ALTOONA,   FA. 

TiiEo.  N.  Ely,  Esq., 

Superintendent  of  Motive  Power. 

Dear  Sir  :  It  is  now  nearly  three  years  since  my  first  report  to 
you  on  the  subject  of  steel  rails  was  written.  That  report,  as  you 
will  remember,  dealt  principally  with  the  question  of  the  relation 
between  the  chemical  composition  and  })hysical  properties  of  steel 
rails  and  their  power  to  resist  crushing  and  fracture  in  actual  service. 
Other  matters  were  referred  to  or  touched  upon  in  that  report,  but 
the  main  question  was.  Why  do  some  rails  crush  or  break  in  service 
while  otliers  do  not?  You  will  doubtless  remember  that  the  princi- 
pal conclusion  arrived  at  was,  that  the  softer  rails  are  less  liable  to 
crush  or  break  in  service  than  the  hard  ones.  Or,  in  other  words, 
so  far  as  conclusions  could  be  drawn  from  the  chemical  analysis 
and  physical  test  of  25  samples  of  steel  rails  which  had  actually 
been  in  service,  these  conclusions  were  that  those  rails  which  have 
the  smaller  amounts  of  carbon,  phos})horus,  silicon,  and  manganese 
are  less  liable  to  crush  or  break  in  service  than  those  which  have 
larger  amounts  of  these  elements.     Or,  again,  looked  at  in  the  light 

*  At  the  Lake  Goorj:;e  mcotinij:  of  the  Institute  in  October,  1878,  I  iiad  the 
honor  of  prepentinsf  to  the  Institute,  throuu;h  the  kind  perniission  of  the  officers 
of  the  Pennsylvania  Railroad  Company,  the  results  of  a  study  of  twenty-five 
samples  of  steel  rails,  which  had  all  been  in  actual  service.  Considerable  dis- 
cussion followed  the  publication  of  that  paper,  and  there  seemed  to  be  a  strong 
disinclination,  especially  on  the  part  of  the  steel-rail  manufacturers,  to  accept  the 
conclusions  presented.  One  of  the  principal  objections  urged  against  th(^  conclu- 
sions drawn  was,  that  they  were  based  on  too  few  samples  ;  in  other  words,  that  no 
conclusions  safe  to  act  upon  could  be  drawn  from  the  examination  of  twentj-five 
rails.  In  view  of  this  criticism  it  was  decided  to  repeat  the  investigation  with 
ft  birger  number  of  samples,  and  with  the  aid  of  the  experience  gained  in  the 
first  investigation.  The  results  of  this  second  study  of  steel  rails  are,  by  the 
permission  of  the  officers  of  the  Pennsylvania  Eailroad  Company,  herewith 
presented  to  the  Institute,  with  the  sincere  desire  that  they  may  aid  in  adding 
to  our  knowledge  of  this  most  important  jiroduct.  Like  tlu;  yirevious  ))aper,  this 
is  in  the  form  of  a  report  to  one  of  the  officers  of  the  company,  which  will 
account  for  the  style,  and  the  manner  of  presenting  the  data 
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of  physical  tests,  tliose  rails  which  have  the  lower  tensile  streno^th 
and  the  greater  elongation  are  the  ones  which  give  the  least  trouble 
from  breaking  or  crushing  in  track. 

In  the  report  just  referred  to,  the  question  of  the  wearing  capacity 
of  steel  rails  was  not  made  prominent,  and  from  that  report  no  positive 
and  definite  information  could  be  obtained  as  to  what  quality  of  steel 
would  give  rails  that  would  endure  the  greatest  amount  of  traffic 
wnth  the  least  loss  of  metal.  And  yet,  of  the  three  principal  causes 
which  occasion  the  removal  of  rails  from  the  track,  viz.,  breaking, 
cru'^hing,and  wearing  out,  perhaps  the  latter  is  of  the  most  importance. 
AVith  the  improvement  in  maintenance  of  way  which  has  character- 
ized the  Pennsylvania  Railroad  during  the  last  five  or  six  years, 
the  removal  of  rails  from  track  from  the  first  two  of  these  causes 
has,  if  I  am  right,  notably  diminished.  This  certainly  is  true  with 
regard  to  broken  rails.  And  if,  as  time  advances,  the  number  of 
crushed  rails  shall  diminish,  both  because  of  the  continued  im- 
provement in  maintenance  of  way,  before  referred  to,  and  because, 
owing  to  improved  and  better  methods  at  the  steel  works,  there  are 
fewer  crushed  rails  caused  by  physical  defects  in  the  steel,  the  question 
of  the  wearing  capacity  of  steel  rails  obviously  becomes  the  all- 
important  one.  In  view  of  these  considerations,  it  was  thought 
that  aji  investigation  into  the  relation  between  the  wear  of  steel 
rails  and  their  chemical  composition  and  physical  properties  could 
not  fail  to  throw  light  upon  a  question  of  vital  importance  in  the 
management  of  tiie  Pennsylvania  Railroad.  The  results  of  such  an 
investigation  are  presented  in  the  following  report,  which  deals,  not, 
as  did  the  previous  report,  with  the  relations  between  the  chemical 
and  physical  characteristics  of  steel  rails  and  their  power  to  resist 
crushing  or  fracture,  but  entirely  with  the  relation  between  these 
characteristics  and  wear. 

On  any  railroad  the  rails  are  or  may  be  called  upon  to  perform 
their  service  under  varying  conditions.  On  a  railroad  like  the 
Pennsylvania  Railroad,  for  example,  there  are  levels  and  grades, 
and  there  are  tangents  and  curves,  and  there  are  combinations  of  the 
levels  and  grades  with  the  tangents  and  curves.  Moreover,  the  rails 
on  the  high  sides  of  curves  do  their  service  under  different  condi- 
tions from  those  on  the  low  sides  of  curves.  So  that,  as  far  as 
kind  of  service  is  concerned,  a  rail  may  be  called  upon  to  do  its 
work  under  one  of  these  six  conditions,  viz.,  on  level  tangent,  on 
high  side  of  level  curve,  on  low  side  of  level  curve,  on  grade  tan- 
gent, on  high  side  of  grade  curve,  or  on  low  side  of  grade  curve. 
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Any  investigation,  therefore,  into  tlie  wearing  capacity  of  steel  rails, 
wliich  shall  be  of  service  in  determining  what  rails  are  best  for 
the  whole  road,  must  take  into  account  these  six  conditions.  Of 
course  there  are  many  different  grades  and  curves  of  different  radius 
on  tlie  Pennsylvania  Railroad  ;  but  to  study  wear  on  each  grade, 
and  for  every  radiusof  curvature,  would  make  a  problem  almost  life- 
long. In  order,  therefore,  to  make  the  work  manageable  it  becomes 
necessary  to  choose  some  average  grade  and  some  medium  degree  of 
curvature,  as  representing  the  different  grades  and  curves  on  the 
road.     This  has  been  done  in  the  work  about  to  be  described. 

Xow,  the  problem  before  us  is  :  What  chemical  composition  and 
what  physical  properties  are  characteristic  of  those  rails  wiiich  in 
actualservicehavelostleast  metal  in  proportion  tothetonnage  that  has 
passed  over  them  ?  In  ordertoget  the  information  necessary  toanswer 
this  question,  64  rails  were  taken  from  the  track  in  July,  1879,  and 
subjected  to  chemical  analysis  and  physical  test,  as  is  detailed  further 
on.  Sixteen  of  these  rails  were  taken  from  level  tangents  and  16 
from  level  curves,  8  from  the  high  side  and  8  from  the  low  side  of  the 
curves.  Again,  16  rails  were  taken  from  grade  tangents  and  16  from 
grade  curves,  8  from  tlie  high  side  and  8  from  the  low  side  of  these 
curves.  The  32  rails  on  grades  were  all  taken  between  Conemangh 
and  Altoona,  and  the  32  on  levels  between  Tyrone  and  ^lifilin. 
Furthermore,  32  of  the  rails  were  taken  from  the  north  track,  and 
32  from  the  south  track.  The  principle  governing  the  selection  was 
to  secure  8  as  slow-wearing  rails  and  8  as  rapid-wearing  rails  as  could 
be  found  on  each  of  the  four  conditions  of  service. — level  tantrents, 
level  curves,  grade  tangents,  and  grade  curves, — the  rails  on  curves 
being  taken,  as  has  been  already  described,  one-half  from  the  high 
side  of  the  curve  and  one-half  from  the  low  side  of  the  curve.  In 
the  actual  selection  a  pair  of  callipers  was  used,  and  the  loss  in  height 
of  a  rail,  compared  with  its  time  of  service,  gave  a  sufficiently  accu- 
rate measure  of  the  rate  of  wear  of  a  rail  to  determine  its  selec- 
tion. It  should  be  stated  here  that  since  the  rails  were  selected  in 
July,  after  the  usual  annual  removal  from  the  track  of  worn-out 
rails,  which  takes  place  earlier  in  the  season,  the  more  rapid-wearing 
rails  obtained  for  examination  are  not  as  marked  examples  of  rapid- 
wearing  rails  as  would  have  been  ol)tained  had  the  selection  been 
earlier  made.  With  regard  to  the  64  rails  chosen,  it  may  also  be 
stated  that  not  one  of  them  had  broken  in  service,  and  only  one 
showed  any  signs  of  crushing;  so  that,  as  far  as  every  quality  is 
concerned,  except  their  rate  of  wear,  all  of  them  might  be  classed  as 
good  rails. 
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It  was  thought  that  a  chemical  examination  and  physical  test 
of  the  64  rails,  compared  with  the  loss  of  metal  they  had  suf- 
fered by  the  tonnage  which  had  passed  over  them,  conld  not  fail  to 
throw  some  light  on  the  question  as  to  what  kind  of  steel  in  rails 
gives  best  wear.  These  rails  having  been  selected  were  removed 
from  the  track  and  sent  to  Altoona.  They  were  then  cleaned  and 
weiirhed  on  an  ordinary  platform  scale,  their  leno|;th  measured  as  ac- 
curately  as  possible  with  a  steel-tape,  and  their  height  callipered 
near  both  ends  and  in  the  middle.  The  weight  of  the  whole  rail 
divided  by  its  length  obviously  gives  the  present  weight  per  yard  of 
these  worn  rails.  The  weights  obtained  in  this  manner,  however, 
were  not  subsequently  used,  as  will  be  explained  further  on.  After 
the  weighing,  five  feet  were  cut  off  from  the  end  of  each  rail  for  test 
purposes.  Tlie  test-])ieces,  except  those  used  in  the  bending  test, 
were  all  cut  from  the  head  of  the  rail.  Two  pieces  for  tensile  test, 
two  for  torsion  test,  and  two  pieces  from  the  web  for  bending  test, 
as  well  as  a  section  of  the  rail  J  inch  thick,  were  taken  from  each 
rail.  The  tensile  test-pieces  were  15  inches  long,  with  a  reduced 
section  J  inch  in  diameter,  and  5  inches  between  shoulders.  They 
also  had  a  groove  just  beyond  each  end  of  the  reduced  section  for 
holding  the  micrometer  arrangement  used  in  determining  the  elastic 
limit.  The  torsion  test-j)ieces  were  of  the  usual  size,  4  inches  long 
and  1  inch  square,  with  a  reduced  section  |  inch  in  diameter,  and  1 
inch  between  shoulders,  with  a  J  inch  fillet.  For  the  shearing  test 
one-half  of  the  tensile  test-pieces,  after  they  were  broken,  was  turned 
down  to  a  rod  |  inch  in  diameter,  and  sheared  off  (single  shear)  In  a 
shearing  apparatus  prepared  for  the  purpose.  For  the  bending  test 
two  pieces  IJ  Inch  wide,  and  12  inches  long,  were  slotted  out  of  the 
web  of  each  rail.  Accompanying  Plate  1  gives  the  details  of  the 
form  and  size  of  the  test-pieces  and  of  the  shearing  apparatus. 
A  and  B  represent  the  shearing  apparatus,  full  size ;  C  represents 
the  tensile  test-piece,  half  size;  D,  the  torsion  piece,  full  size;  E, 
the  shearing  piece,  full  size  ;  and  F,  the  bending  test-piece,  half  size. 
The  half-inch  section  of  each  rail  was  used  in  determining  the  pres- 
ent weight  per  yard  of  the  worn  rails,  the  original  weight  per  yard 
of  these  rails  when  laid,  as  will  be  described  further  on,  and  also 
in  making  the  diagrams  of  the  worn  rails,  which  appear  in  the  ac- 
companying Plates  2,  3,  4,  and  5. 

AVhen  the  tensile  test-pieces  had  been  prepared,  one-half  of  them 
were  annealed  by  heating  them  to  a  fair  red  heat,  and  then  allowing 
them  to  cool  slowly  for  36  hours.  Both  the  annealed  and  the  unan- 
nealed   test-pieces  were  then  tested  in  the  tensile  testing-machine. 
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In  determining  the  elastic  limit  yokes  were  fitted  to  tlie  grooves  in 
the  test-pieces  prepared  for  them,  which  yokes  carried  micrometer 
screws  on  opposite  sides  of  the  pieces,  reading  to  the  ten  thousandth 
of  an  inch,  and  fitted  up  for  electrical  contact.  The  pieces  were 
then  strained  with  successive  loads,  increasing  by  2C00  pounds  per 
square  inch.  After  the  application  of  each  load  the  elongation 
was  measured  by  the  micrometers,  and  the  point  at  which  the  elon- 
gation ceased  to  be  directly  proportioned  to  the  load  was  regarded  as 
the  elastic  limit.  The  results  of  these  tests  are  given  on  Plates 
6  and  7.  The  figures  as  to  tensile  strength  and  elastic  limit  mean 
pounds  per  square  inch.  The  elongation  is  ])er  cent,  in  five  inches. 
Neither  of  the  torsion  test-pieces  were  annealed,  they  being  tested  in 
the  condition  in  which  the  steel  was  when  removed  from  the  track. 
The  diagrams  made  by  the  test  of  these  })ieces  were  measured  up, 
and  the  results  are  given  in  connection  with  the  results  of  the  ten- 
sile tests  as  above  described.  The  figures  given  as  to  length  of  dia- 
gram, height  of  diagram,  and  elastic  limit  are  in  inches  and  hun- 
dredths of  an  inch  ;  and  those  giving  areas  of  diagram  are  square 
inches.  They  are  the  mean  of  the  results  from  tiie  two  test  pieces. 
In  the  shearing  tests  the  figures  given  under  ^'shearing  stress'^  are 
pounds  per  square  inch;  while  the  ^'detrusion^'  before  rupture  repre- 
sents the  travel  or  motion  of  the  shearing  piece  A,  in  Plate  1, 
measured  in  decimals  of  an  inch.  In  making  these  measurements 
a  load  of  2000  pounds  was  put  on  the  pieces  and  then  a  reading 
made;  at  the  moment  of  rupture  another  reading  was  made.  The 
difference  of  these  two  readings  represents  the  detrusion.  In 
making  the  bending  tests,  the  pieces  before  described  were  supported 
on  knife-edges  10  inches  apart,  and  bent  by  a  third  knife-edge  at 
equal  distances  from  the  supports,  after  the  manner  of  making  trans- 
verse tests  of  metal.  In  making  these  tests  it  was  found  that  the 
load  applied  gradually  increased  until  it  reached  a  maximum,  and 
then  diminished  slowly.  The  deflection  obtained  at  the  point  of 
maximum  load  varied  considerably  in  the  different  rails,  being  a 
half  inch  or  more  each  side  of  two  inches.  After  the  maximum 
load  had  been  obtained  as  above  described,  the  pieces  were  removed 
from  the  strain,  and  set  up  on  end  in  tiie  same  machine,  and 
then  bent  until  rupture  took  place  or  until  they  could  be  bent  down 
no  farther.  The  broken  or  bent  pieces  were  then  laid  on  a  piece  of 
paper  in  the  position  in  which  they  were  at  rupture  or  as  bent,  and 
the  amount  of  deflection  from  a  straight  line  of  the  piece  broken 
or  bent  was  measured  with  a  protractor.  The  figures  given  under 
the  head  "  bending  tests"  are  maximum  load  and  deflection.     The 
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maximum  load  was  calculated  from  the  data  obtained  in  testino^  the 
pieces,  for  a  piece  IJ  inch  wide  and  -J  inch  thick.  The  deflection  is 
in  degrees.  In  all  cases  where  the  deflection  is  given  as  190°,  the 
pieces  did  not  break,  but  had  the  form  when  removed  from  the 
machine  of  a  letter  U  with  tlie  ends  brought  together  until  they 
formed  with  each  other  an  angle  of  10°. 

From  the  torsion  test-pieces  after  they  were  broken  borings  were 
taken  for  analysis  In  these  borings  the  carbon,  phosphorus,  silicon, 
and  manganese  were  determined.  All  the  chemical  work  was  done 
in  duplicate.  The  carbon  was  determined,  after  sei)aration  from  the 
iron  by  chloride  of  copper  and  ammonium,  by  combustion  in  oxygen 
gas,  the  phos])horus  by  the  molybdate  method,  the  manganese  by  the 
bromine  method,  and  the  silicon  in  the  usual  manner.  The  results 
of  these  determinations  are  given  with  the  other  data.  So  much  for 
the  methods  of  the  chemical  and  physical  testing  of  these  rails. 

In  determining  the  rate  of  wear  of  a  steel  rail  it  is  of  course 
necessary  to  know  the  loss  of  metal  per  yard  which  each  rail  has 
suffered  and  the  tonnage.  The  loss  of  metal  per  yard  divided  by 
the  tonnage  gives  the  rate  of  wear;  and  when  these  data  are  obtained 
for  a  series  of  rails,  they  furnish  a  means  of  comparison  as  to  their 
wearing  capacity. 

The  tonnage  of  the  64  rails  we  are  studying  was  computed  from 
the  data  as  to  number  of  trains  and  movement  of  cars  in  the  office 
of  the  superintendent  of  transportation,  Mr.  John  Reilly.  These 
data  were  twice  worked  over,  and  while  I  do  not  think  that  the  ton- 
nages given  with  each  rail  are  absolutely  the  number  of  tons  which 
have  passed  over  them,  I  do  think  that  the  percentage  error  is 
small,  and  that  the  comparison  of  one  rail  with  another  by  means  of 
these  tonnages,  which  is  really  what  we  are  after,  gives  results  that 
can  safely  be  relied  on. 

With  regard  to  the  loss  of  metal  per  yard  and  the  method  by 
which  it  was  obtained  it  will  be  necessary  to  go  a  little  into  detail. 
Of  course  nothing  could  be  simpler  than  to  obtain  the  loss  of  metal 
per  yard  of  these  rails  provided  the  data  were  at  hand,  for  this  is 
simply  the  difference  between  the  present  weight  per  yard  of  the 
worn  rails  and  the  original  weight  per  yard  of  these  rails  wiien  they 
were  laid.  But  unfortunately  these  rails  were  not  weighed  when 
they  were  put  in  track,  and  so  one  essential  element  of  our  data  is 
wanting.  Nor  will  it  do  to  assume  that  these  rails  "originally 
weigiied  67  lbs.  or  56  lbs.  per  yard,  which  is  the  standard  weiglit  of 
the  different  rails  embraced  in  this  series.  Mr.  J.  W.  Cloud,  engi- 
neer of  tests,  finds  by  the  weight  of  a  number  of  new  rails  just 
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from  the  mills,  weighed  at  Altoona  during  two  or  three  years  past, 
that  they  vary  from  J  lb.  to  1 J  lb.  per  yard  from  standard  weight. 
Still  further,  an  examination  of  the  rails  in  our  series  shows  that 
some  of  them,  from  the  web  being  thinner  than  standard,  which 
means  that  the  rolls  were  eloser  together  when  that  rail  was  rolled, 
could  not  have  weighed  when  new  more  than  64  lbs.  or  Go  lbs.  per 
yard. 

In  view  of  these  statements,  the  question  fairly  meets  us :  How  can 
the  loss  of  metal  per  yard  of  these  rails  be  determined  ?  It  is  evi- 
dent to  all,  I  think,  that  if  we  knovv^  the  weight  per  yard  of  these 
worn  rails,  and  then  are  able  to  obtain  the  areas  (1)  of  a  section  of 
the  worn  rail,  and  (2)  of  a  section  of  the  original  rail  as  rolled,  we 
have  at  hand  all  the  data  necessary  for  obtaining  the  weight  per 
yard  of  the  rail  as  rolled.  For  it  is  clear,  I  am  sure,  that  as  the 
area  of  a  section  of  the  worn  rail  is  to  its  weight  per  yard  so  is  the  area 
of  a  section  of  the  original  rail  to  its  weight  per  yard.  If,  therefore, 
we  can  obtain  (1)  the  weight  per  yard  of  the  worn  rails,  (2)  the  area 
of  a  section  of  each  of  these  rails,  and  (3)  the  area  of  a  section  of  each 
rail  as  rolled,  we  shall  be  able  to  obtain  the  loss  of  metal  per  yard 
of  each  of  the  rails  in  the  series  we  are  studying.  Can  these  data 
then  be  obtained  ? 

First,  as  to  the  areas.  How  can  the  area  of  a  section  of  the  w^orn 
rail  and  of  a  section  of  the  rail  as  rolled  be  obtained?  The  follow- 
ing was  the  method  used.  The  half-inch  section  of  the  worn  rails  be- 
fore referred  to  was  laid  upon  a  sheet  of  paper,  and  its  outline  traced 
upon  the  paper  with  the  utmost  care  by  means  of  a  very  sharp- 
pointed,  hard  pencil.  The  surface  inclosed  within  this  tracing  cor- 
responds very  closely  with  the  section  of  the  worn  rail.  Then  di- 
rectly over  this  tracing  was  laid  the  template  of  the  section  after  which 
this  rail  was  rolled,  and  a  tracing  then  made  with  a  sharp-pointed 
hard  pencil  as  before  of  that  portion  of  the  head  which  was  lacking 
in  the  worn  rail.  If  now  the  original  height  of  the  rail  was  the 
same  as  the  template  used,  and  if  the  original  shape  of  the  head 
of  the  rail  was  that  of  the  template,  we  have  in  this  manner  a 
diagram  on  paper  representing  a  section  of  the  worn  rail,  and 
also  one  representing  a  section  of  the  original  rail  as  rolled.  The 
diagrams  obtained  in  this  manner  for  each  rail  in  the  series  are 
represented  In  accompanying  Plates  2,  3,  4,  and  5.  The  areas  of 
these  diagrams  were  then  obtained  by  means  of  the  planimeter. 

What  now  are  the  assumptions,  and  what  are  the  probable  errors 
in  this  method  ?     The  first  assumption  is  that  the  original  rails  as 


32 S  WEARING    CAPACITY   OF   STEEL   RAILS. 

rolled  were  of  the  same  height  as  the  template.  This  is  probably 
not  exactly  true  in  fact.  The  wear  of  the  rolls,  and  possibly 
carelessness  in  making  the  rolls  originally,  together  with  the  fact 
that  the  rails  rolled  in  the  same  set  of  rolls  were  probably  not 
all  rolled  at  the  same  temperature,  and  consequently  shrunk  by 
different  amounts  in  cooling,  might  occasion  small  deviations 
from  the  height  which  the  rail  should  have  according  to  template. 
And  yet  Mr.  Cloud,  engineer  of  tests,  has  callipered  the  height  of 
some  60  new  rails  here  at  Altoona  during  the  year  past,  which  rails 
were  from  different  mills,  and  has  found  the  variation  from  stand- 
ard height  not  more  than  j^q  of  an  inch.  It  would  seem,  there- 
fore, that  the  error  arising  from  the  assumption  as  to  height  of  rail 
could  not  be  large. 

The  second  assumption  is  that  the  original  shape  of  the  top  of 
the  head  of  the  rails  we  are  studying  was  that  of  the  template. 
This  is  of  course  a  question  of  accuracy  in  the  original  manufacture 
of  the  rolls,  and  of  their  wear.  Now  it  is  impossible  to  say  how 
accurately  the  rolls  were  originally  made,  and  how  much  they  have 
worn  out  of  shape  when  any  rail  was  rolled.  But  in  any  case  the 
error  must  be  very  small,  for  any  noteworthy  deviation  of  the  top 
of  the  head  from  standard  would  have  given  difficulty  in  securing  a 
straight,  even  track,  and  would  have  caused  the  rejection  of  those 
rails  by  the  inspector  at  the  mills. 

The  third  assumption  is  that  these  rails  have  not  suffered  distor- 
tion as  to  height  by  the  service- which  they  have  endured.  Upon 
this  point  I  will  say  that  I  think  an  inspection  of  the  diagrams  in 
accompanying  Plates  2,  3,  4,  and  5  will  convince  any  one  that 
this  distortion,  if  any,  is  excessively  small.  It  should  be  stated 
here  that  any  deviation  of  these  rails  from  template,  such  as  beading 
over  on  one  side  of  the  head,  or  thicker  or  thinner  webs  than 
standard,  or  variation  in  the  shape  of  the  foot  or  in  the  under  side 
of  the  head,  can  cause  no  error,  because  in  taking  the  areas  with  the 
plani meter,  the  diagrams  from  which  the  area  of  the  worn  section 
and  the  area  of  the  original  section  were  taken,  coincide  in  every 
part  except  in  that  part  of  the  original  section  which  was  traced-in 
from  template  as  above  described.  In  other  words,  in  getting  the 
areas  of  the  rails  as  rolled,  the  actual  section  of  the  rail  just  as  it 
was  rolled  was  used  in  every  part,  except  that  portion  of  the  head 
which  was  gone  from  wear,  which  portion  was  restored  from 
template. 

Again,  how  accurately  can  the  areas  be  obtained  by  means  of 
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the  planimeter?  The  planimetcr  which  was  used  gave  readings  to 
jj^of  a  square  inch.  If,  therefore,  the  manipulation  was  such  as 
to  give  the  instrument  its  full  chance,  the, maximum  error  in  area 
could  not  be  over  y^^  of  a  square  inch.  As  a  matter  of  fact,  in 
taking  the  areas  with  the  planimeter,  from  three  to  five  measure- 
ments were  made  of  each  diagram,  wfiich  measurements  differed 
from  each  other  not  more  than  from  one  to  three  hundredths  of  an 
inch,  and  then  a  mean  of  these  measurements  was  taken  as  repre- 
senting the  area  of  the  diagram.  It  seems  probable,  therefore,  that 
the  error  arising  from  this  cause  could  not  in  any  case  amount  to 
more  than  one  or  two  hundredths  of  a  square  inch. 

Now  as  to  the  weight  per  yard  of  the  worn  rails.  How  can  this 
best  be  obtained?  Obviously  the  most  simple  method  would  be  to 
weigh  each  of  the  worn  rails,  and  then  divide  the  w^eight  by  the 
length.  This  was  done  with  these  rails,  as  has  already  been  men- 
tioned. But  when  the  results  were  obtained,  and  the  original 
W' eight  of  the  rails  computed,  by  means  of  the  areas  as  above 
described,  it  was  found  that  some  rails  rolled  at  the  same  mill,  at 
the  same  time,  and  with  the  same  thickness  of  web  and  same  shape 
of  foot,  differed  from  each  other  in  the  original  weight,  as  computed, 
from  1 J  to  3  lbs.  per  yard.  The  explanation  of  this  seems  to  be 
that  the  half-inch  sections  before  referred  to,  which  were  used  in 
getting  the  areas,  did  not  exactly  represent  the  whole  rail ;  in  other 
words,  the  rail  was  unevenly  worn.  This  explanation  was  con- 
firmed by  callipering  the  height  of  the  half-inch  sections,  and  com- 
paring these  heights  with  the  heights  of  the  rail  in  different  places. 
It  became  necessary,  therefore,  to  devise  some  other  means  of  ob- 
taining the  weight  per  yard  of  the  worn  rails,  and  it  was  finally 
decided  to  obtain  the  desired  weights  from  the  half-inch  sections 
themselves  before  referred  to.  These  sections  were  all,  therefore, 
carefully  weighed  on  a  balance  which  weighed  accurately  to  one-half 
a  grain.  If,  now,  the  half-incth  sections  were  exactly  half  an  inch 
in  thickness,  a  little  consideration  shows  that  it  is  possible  in  this 
way  to  get  at  the  v/eight  of  a  rail  more  accurately  than  it  could  be 
obtained  by  weighing  the  whole  rail  on  a  common  platform  scale, 
supposing,  of  course,  that  the  rail  was  uniform  in  section  throughout 
its  length.  For  there  are  72  half-inch  sections  in  a  yard,  and  in  a 
30-foot  rail  720  half-inch  sections.  If,  now,  the  error  in  weiohins; 
a  half-inch  section  is  one-half  a  grain,  the  total  error  in  the  weight 
of  a  30-foot  rail  would  be  720  half  grains,  or  360  grains,  which  is 
a  little  less  than  an  ounce.     Inasmuch,  therefore,  as  ordinary  plat- 


330  WEAKING   CAPACITY   OF   STEEL   EAILS. 

form  scales  do  not  generally  weigh  closer  than  half  a  pound,  it  is 
evident  that,  so  far  as  accuracy  of  vveigliing  is  concerned,  the  method 
of  getting  at  the  weigh^t  per  yard  of  these  worn  rails,  by  weighing 
the  half-inch  sections,  leaves  nothing  to  be  desired. 

But  were  these  half-inch  sections  exactly  half  an  inch  thick? 
An  examination  of  these  sections  by  means  of  vernier  callipers, 
reading  to  one- thousandth  of  an  inch,  showed  that  they  were  not  ex- 
actly half  an  inch  thick,  and  that  they  varied  in  thickness  in  ditl'er- 
ent  parts  of  the  sec^tion.  The  reasons  for  this  seem  to  be,  that  it  is 
almost  impossible  to  set  a  tool  so  as  to  cut  off  exactly  half  an  inch 
from  a  rail,  and  that  in  cutting  steel  as  liard  as  some  of  these  rails 
were,  the  tool  is  apt  to  spring  more  or  less,  and  thus  give  a  section 
of  varying  thickness.  It  became  necessary,  therefore,  to  devise  some 
method  by  means  of  which  the  averaii^e  thickness  of  these  sections 
could  be  obtained.  This  was  done  as  follows:  The  half-inch  sec- 
tions were  all  carefully  weighed  in  distilled  water,  at  a  temperature 
of  66°  F.,  on  a  balance  weighing  to  half  a  grain.  The  difference 
between  the  weight  so  obtained  and  the  weight  of  the  same  sections 
in  air  gives  the  weight  of  a  volume  of  water  equal  to  the  volume  of 
the  section.  Kow,  this  weight  of  water  divided  by  the  weight  of  a 
cubic  inch  of  water,  which  was  taken  as  252.5  grains,  gives  the  vol- 
ume or  space  occupied  by  any  sectiim.  This  volume  being  known, 
it  is  of  course  only  necessary  to  divide  the  same  by  the  area  obtained 
by  the  planimeter,  as  before  described,  and  the  result  is  the  average 
thickness  of  each  section  ;  and  the  weight  and  thickness  of  each 
section  being  known,  a  very  simple  calculation  gives  us  the  weight 
per  yard,  corresponding  to  each  of  the  worn  rails  which  we  are 
dealing  with. 

Kow,  what  are  the  possible  errors  involved  in  this  method  ?  As 
to  the  weight  in  air  of  the  half-inch  sections,  it  has  already  been 
shown  that  an  error  of  half  a  grain  in  the  weight  of  each  section 
gives  an  error  per  yard  that  can  safely  be  ignored.  An  error  of 
half  a  grain  in  weighing  the  sections  in  water  gives  an  error  in  the 
weight  per  yard  of  the  worn  rail  of  .05  of  a  pound ;  and  an  error  of 
a  hundredth  of  a  square  inch  in  taking  the  areas  of  the  sections  with 
the  planimeter  causes  an  error  in  the  weights  of  about  a  tenth  of  a 
pound.  It  seems  fair,  therefore,  to  conclude  that  probably  the 
weights  of  the  worn  rails  and  of  these  rails  when  originally  laid,  as 
obtained  in  the  manner  above  described,  do  not  differ  from  the  true 
weights  more  than  possibly  a  quarter  of  a  pound  per  yard. 

It   is,    of  course,  to    be   confessed   that    whatever    errors   there 
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may  be,  cither  in  the  weight  of  tlie  worn  rails  or  in  tlie  original 
weight  of  these  same  rails,  aj)pear3  in  the  loss  of  metal  due  to  wear, 
— which  is  really  what  we  are  after, — and  which  is  simply  the  differ- 
ence between  these  two  weights.  But  it  nuist  be  remembered  that, 
in  determining  the  value  of  a  rail,  this  loss  of  metal  is  subsequently 
divided  by  the  tonnage,  and  consequently  the  influence  of  the  error 
is  thereby  very  greatly  diminished.  And  while  there  may  be  a  few 
rails  in  the  series  which  occupy  a  phice  which  they  would  not  occupy 
if  the  loss  of  metal  were  more  accurately  known,  yet  I  think  these 
cases  are  too  few  to  seriously  obscure  or  counteract  the  general  con- 
clusions which  the  results  that  have  been  obtained  are  calculated  to 
teach. 

In  the  following  pages  are  given  the  history  of  each  rail  and  the 
tonnage.  The  essential  parts  of  this  history,  together  with  the 
tonnage,  the  chemical  analyses,  the  weights  ])er  yard,  and  loss  of 
metal,  as  well  as  the  loss  per  million  tons,  and  the  complete  results 
of  the  physical  tests  and  the  density,  are  given  in  tabular  form 
in  accompanying  Plates  6  and  7.  These  tables  will  be  discussed 
farther  on.  The  density  is  the  weight  of  a  cubic  inch  of  the  steel. 
This  weight  was  obtained  by  dividing  the  w^eight  of  each  of  the  half- 
inch  sections  by  its  volume,  the  data  for  this  purpose  having  been 
obtained  as  previously  described.  The  figures  given  under  density 
are  fractions  of  a  pound. 

In  lookino^  over  the  orio:inal  weio^hts  of  the  rails  as  obtained,  it  will 
doubtless  be  observed,  that  although  these  rails  were  all  supposed  to 
have  weighed  67  lbs.  or  56  lbs.  per  yard  when  rolled,  the  figures  given 
differ  both  ways  from  these  figures.  These  differences  are  princi- 
pally to  be  accounted  for  by  differences  in  the  shape  of  the  bases 
and  differences  in  the  thickness  of  the  webs.  With  regard  to  the 
latter  point,  it  is  evident  that  of  two  rails  rolled  at  the  same  mill,  in 
the  same  year,  if  one  has  a  web  three  or  five  one-hundred ths  of  an 
inch  thicker  than  another, — which  means  that  the  rolls  were  farther 
apart  when  the  tliick-web  rail  was  rolled, — the  thin-web  rail  will  be 
lighter  than  the  other.  The  thickness  of  the  webs  of  all  the  rails  in 
the  series  we  are  studying  was  carefully  measured  with  vernier  cal- 
lipers, and  the  differences  from  the  standard  thickness  were  found  to 
vary  both  ways,  from  nothing  up  to  five  one-hundredths  of  an  inch 
thinner  than  standard,  and  seven  one-hundredths  thicker  than  stand- 
ard. Finally,  the  differences  in  the  density  of  the  different  rails  still 
further  help  us  to  account  for  the  differences  in  weight  per  yard  of 
the  rails  as  rolled. 
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The  following  is  the  history  and  tonnage  of  the  different  rails: 

Ko.  881.  Steel  of  1868.  Was  on  tangent,  north  rail,  north  track, 
in  Bennington  Cut.  In  service  from  June,  1868,  to  July,  1879 
—11  yrs.  1  mo.  Grade,  92.4  ft.  to  the  mile.  Tonnage,  55,546,811 
tons. 

No.  882.  Steel  of  1868.  Was  on  tangent,  north  rail,  north  track, 
in  Bennington  Cut.  In  service  from  June,  1868,  to  July,  1879 — 
11  yrs.  1  mo.  Grade,  92.4  ft.  to  the  mile.  Tonnage,  55,546,811 
tons. 

No.  883.  Steel  of  1869.  Was  on  tangent,  north  rail,  north  track, 
on  Whip-poor-will  Straight.  In  service  from  May,  1869,  to  July, 
1879—10  yrs.  2  mos.  Grade,  95.04  ft.  to  the  mile.  Tonnage, 
52,174,969\ons. 

No.  884.  Steel  of  1869.  Was  on  tangent,  north  rail,  north  track, 
on  Whip-poor-will  Straight.  In  service  from  May,  1869,  to  July, 
1879—10  yrs.  2  mos.  Grade,  95.04  ft.  to  the  mile.  Tonnage, 
62,174,969  tons. 

No.  885.  Steel  of  1868.  Was  on  tangent,  south  rail,  north 
track,  just  west  of  Allegrippus  Station.  In  service  from  July,  1868, 
to  July,  1879—11  yrs.  Grade,  89.76  ft.  to  the  mile.  Tonnage, 
55,197,994  tons. 

No.  886.  Steel  of  1868.  Was  on  tangent,  north  rail,  north 
track,  just  west  of  Allegri})pus  Station.  In  service  from  July,  1 868, 
to  July,  1879 — 11  yrs.  Grade,  89.76  ft.  to  the  mile.  Tonnage, 
55,197,994  tons. 

No.  887.  Steel  of  1868.  Was  on  tangent,  south  rail,  north 
track,  west  of  Allegrippus  Station.  In  service  from  July,  1868, 
to  July,  1879 — 11  yrs.  Grade,  89.76  ft.  to  the  mile.  Tonnage, 
65,197^,994  tons. 

No.  888.  Steel  of  1868.  Was  on  tangent,  south  rail,  north 
track,  west  of  Allegrippus  Station.  In  service  from  July,  1868, 
to  July,  1879 — 11  years.  Grade,  89.76  ft.  to  the  mile.  Tonnage, 
55,197,994  tons. 

No.  889.  Steel  of  1873.  Was  on  tangent,  south  rail,  south 
track,  at  South  Fork.  In  service  from  August,  1873,  to  July, 
1879 — 5  yrs.  11  mos.  Grade,  21.13  ft.  to  the  mile.  Tonnage, 
44,620,100  tons. 

No.  890.   Steel    of  1873.     Was   on    tangent,   north    rail,    south 
track,  at    South    Fork.     In  service  from  August,  1873,  to  July, 
1879 — 5  yrs.  11  mos.     Grade,    21.13  ft.   to  the    mile.     Tonnage, 
,44,620,10b  tons. 
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No.  891.  Steel  of  1872.  Was  on  tangent,  south  rail,  south 
track,  at  Summer  Hill  water  pluii;.  In  service  from  June,  1872, 
to  July,  1879—7  yrs.  1  mo.  Grade,  40.13  ft.  to  the  mile.  Ton- 
nage, 63,687,192  tons. 

Ko.  892.  Steel  of  1872.  Was  on  tangent,  south  rail,  south 
track,  at  Summer  Hill  water  plug.  In  service  from  June,  1872, 
to  July,  1879—7  yrs.  1  mo.  Grade,  40.13  ft.  to  the  mile.  Ton- 
nage, 53,(587,192  tons. 

No.  893.  Steel  of  1874.  AYas  on  tangent,  north  rail,  south 
track,  near  Summer  Hill.  In  service  from  May,  1874,  to  July, 
1879 — 5  yrs.  2  mos.  Grade,  21.12  ft.  to  the  mile.  Tonnage, 
38,088,572  tons. 

No.  894.  Steel  of  1874.  Was  on  tangent,  south  rail,  south  track, 
east  of  Portage.  In  service  from  May,  1874,  to  July,  1879 — 5 
yrs.  2  mos.  Grade,  52.8  ft.  to  the  mile.  Tonnage,  38,088,572 
tons. 

No.  895.  Steel  of  1874.  "Was  on  tangent,  south  rail,  south  track, 
east  of  Portage.  In  service  from  May,  1874,  to  July,  1879 — 5 
yrs.  2  mos.  Grade,  52.8  ft.  to  the  mile.  Tonnage,  38,088,572 
tons. 

No.  896.  Steel  of  1874.  Was  on  tangent,  south  rail,  south  track, 
east  of  Portage.  In  service  from  May,  1874,  to  July,  1879 — 5 
yrs.  2  mos.  Grade,  52.8  ft.  to  the  mile.  Tonnage,  38,088,572 
tons. 

No.  897.  Steel  of  1868.  Was  on  high  side  of  5°  curve,  north 
rail,  north  track,  east  of  Bridge  No.  3,  Summer  Hill.  In  service 
from  JNIay,  1868,  to  July,  1879—11  yrs.  2  mos.  Grade,  21.12  ft. 
to  the  mile.     Tonnage,  52,370,617  tons. 

No.  898.  Steel  of  1868.  Was  on  high  side  of  5°  curve,  north 
rail,  nonh  track,  east  of  Bridge  No.  3,  Summer  Hill.  In  service 
from  May,  1868,  to  July,  1879—11  yrs.  2  mos.  Grade,  21.12  ft. 
to  the  mile.     Tonnage,  52,370,617  tons. 

No.  899.  Steel  of  1868.  Was  on  low  side  of  5°  curve,  south 
rail,  north  track,  east  of  Bridge  No.  3,  Summer  Hill.  In  service 
from  May,  1868,  to  July,  1879—11  yrs.  2  mos.  Grade,  21.12  ft. 
to  the  mile.     Tonnage,  52,370,617  tons. 

No.  900.  Steel  of  1868.  Was  on  low  side  of  5°  curve,  north 
rail,  north  track,  east  of  Bridge  No.  3,  Summer  Hill.  In  service 
from  May,  1868,  to  July,  1879—11  yrs.  2  mos.  Grade,  21.12  ft. 
to  the  mile.     Tonnage,  52,370,617  tons. 
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No.  901.  Steel  of  1871.  "Was  on  low  side  of  5°  curve,  south 
rail,  nortl)  track,  in  Gable's  Cnt,  near  Snninier  Hill.  In  service 
from  August,  1871,  to  July,  1879—7  yrs.  11  mos.  Grade,  39.6  ft. 
to  the  mile.     Tonnage,  40,061,230  tons. 

No.  902.  Steel  of  1871.  Was  on  high  side  of  5°  curve,  north 
rail,  north  track,  in  Gable's  Cut,  near  Summer  Hill.  In  service 
from  August,  1871,  to  July,  1879—7  yrs.  11  mos.  Grade,  39.6  ft. 
to  the  mile.     Tonnage,  40,061,230  tons. 

No.  903.  Steel  of  1876.  Was  on  high  side  of  5°  curve,  south 
rail,  south  track,  west  of  Bridge  No.  1,  Summer  Hill.  In  service 
from  August,  1876,  to  July,  1879—2  yrs.  11  mos.  Grade,  39.6  ft. 
to  the  mile.     Tonnage,  21,504,824  tons. 

No.  901.  Steel  of  1876.  Was  on  low  side  of  5°  curve,  north 
rail,  south  track,  west  of  Bridge  No.  1,  near  Summer  Hill.  In 
service  from  August,  1876,  to  July,  1879 — 2  yrs.  11  mos.  Grade, 
39.6  ft.  to  the  mile.     Tonnage,  21,504,824  tons. 

No.  905.  Steel  of  1868.  Was  on  high  side  of  5°  curve,  north 
rail,  north  track,  east  end  of  Wilmore  IMiddle  Siding.  In  service 
from  June,  1868,  to  April,  1879—10  yrs.  10  mos.  Grade,  47.52 
ft.  to  the  mile.     Tonnage,  50,648,939  tons. 

No.  906.  Steel  of  18o8.  Was  on  low  side  of  5°  curve,  south 
rail,  north  track,  east  end  of  Wilmore  Middle  Siding.  In  service 
from  June,  1868,  to  April,  1879—10  yrs.  10  mos.  Grade,  47.52 
ft.  to  the  mile.     Tonnage,  50,648,939  tons. 

No.  907.  Steel  of  1874.  Was  on  high  side  of  5°  curve,  north 
rail,  nortii  track,  east  of  Wilmore  Middle  Siding.  In  service  from 
June,  1874,  to  April,  1879—4  yrs.  10  mos.  Grade,  47.52  ft.  to  the 
mile.     Tonnage,  24,211,147  tons. 

No.  908.  Steel  of  1875.  Was  on  low  side  of  4°  curve,  north 
rail,  south  track,  near  tower  at  east  end  of  Galitzin  Tunnel.  In 
service  from  May,  1875,  to  July,  1879 — 4  yrs.  2  mos.  Grade, 
95.04  ft.  to  the  mile.     Tonnage,  32,428,614  tons. 

No.  909.  Steel  of  1875.  Was  on  high  side  of  4°  curve,  south 
rail,  south  track,  near  tower  at  east  end  of  Galitzin  Tunnel.  In 
service  from  May,  1875,  to  July,  1^79 — 4  yrs.  2  mos.  Grade, 
95.04  ft.  to  the  mile.     Tonnage,  32,428,614  tons. 

No.  910.  Steel  of  1871.  Was  on  low  side  of  5°  curve,  south 
rail,  south  track,  west  of  Allegrippus  Station.  In  service  from 
July,  1871,  to  July,  1879—8  yrs.  Grade,  89.76  ft.  to  the  mile. 
Tonnage,  62,813,664  tons. 
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Ko.  911.  Steel  of  1877.  Was  on  low  side  of  5°  curve,  south 
rail,  south  trac^k,  second  curve  west  of  Allegrippus  Tower.  In  ser- 
vice from  April,  1877,  to  July,  1879—2  yrs,  3  mos.  Grade,  89.76 
ft.  to  the  mile.     Tonnage,  17,226,993  tons. 

No.  912.  Steel  of  1873.  Was  on  hio:h  side  of  5°  curve,  north 
rail,  south  track,  second  curve  west  of  Allcgrippus  Tower.  In  ser- 
vice from  July,  1873,  to  July,  1879—6  yrs.  Grade,  89.76  ft.  to 
the  mile.     Tonnage,  47,-138,145  tons. 

No.  913.  Steel  of  1870.  Was  on  tangent,  north  rail,  north  track, 
600  ft.  west  of  mile-post  211  from  Philadel})hia.  In  service  from 
March,  1870,  to  July,  1879 — 9  yrs.  4  mos.  On  level.  Tonnage, 
45,855,101  tons. 

No.  914.  Steel  of  1870.  Was  on  tangent,  south  rail,  north  track, 
600  ft.  west  of  mile-post  211  from  Philadelphia.  In  service  from 
March,  1870,  to  July,  1879 — 9  yrs.  4  mos.  On  level.  Tonnage, 
45,855,101  tons. 

No.  915.  Steel  of  1873.  Was  on  tangent,  south  rail,  north 
track,  east  of  Petersburg  Tool-house.  In  service  from  June,  1873, 
to  July,  1879—6  yrs.  1  mo.     On  level.     Tonnage,  31,514,889  tons. 

No.  916.  Steel  of  1873.  Was  on  tangent,  north  rail,  north  track, 
just  west  of  Ardenheim.  In  service  from  July,  1873,  to  July,  1879 
— 6  yrs.     On  level.     Tonnage,  31,127,829  tons. 

No.  917.  Steel  of  1873.  Was  on  tangent,  south  rail,  north  track, 
just  west  of  Ardenheim.  In  service  from  July,  1873,  to  July,  1879 
— 6  yrs.     On  level.     Tonnage,  31,127,829  tons. 

No.  918.  Steel  of  1869.  Was  on  tangent,  north  rail,  north  track, 
west  of  Vandevaner's  Bridge.  In  service  from  Januarv,  1869,  to 
July,  1879—10  yrs.  6  mos.     On  level.     Tonnage,  51,720,011  tons. 

No.  919.  Steel  of  1869.  Was  on  tangent,  north  rail,  north  track, 
west  of  Vandevaner's  Bridge.  In  service  from  January,  1869, 
to  July,  1879—10  yrs.  6  mos.  On  level.  Tonnage,  51,720,011 
tons. 

No.  920.  Steel  of  1867.  Was  on  tangent,  south  rail,  north  track, 
at  Jackstown  Water-trough.  In  service  from  December,  1867,  to 
July,  1879—11  yrs.  7  mos.     On  level.     Tonnage,  52,991,684  tons. 

No.  921.  Steel  of  1874.  W^as  on  tangent,  north  rail,  north  track, 
200  ft.  east  of  mile-post  211  from  Philadel))hia.  In  service  from 
IMarch,  1874,  to  July,  1879 — 5  yrs.  4  mos.  On  level.  Tonnage, 
27,622,230  tons. 
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'No.  922.  Steel  of  1874.  Was  on  tangent,  south  rail,  north  track, 
200  ft.  east  of  mile-post  211  from  Philadelphia.  In  service  from 
March,  1874,  to  July,  1879 — 5  yrs.  4  mos.  On  level.  Tonnage, 
27,622,230  tons. 

No.  923.  Steel  of  1873.  AVas  on  tangent,  south  rail,  north  track, 
east  of  Petersburg  Tool-house.  In  service  from  June,  1873,  to  July, 
1879—6  yrs.  1  mo.     On  level.     Tonnage,  31,514,889  tons. 

No.  924.  Steel  of  1875.  Was  on  tangent,  soutii  rail,  south  track, 
west  of  Vandevaner's  Bridge.  In  service  from  June,  1875,  to  July, 
1879—4  yrs.  1  mo.     On  level.     Tonnage,  36,349,989  tons. 

No.  925.  Steel  of  1875.  Was  on  tangent,  south  rail,  south  track, 
west  of  Vandevaner's  Bridge.  In  service  from  Jnne,  1875,  to  July, 
1879—4  yrs.  1  mo.     On  level.     Tonnage,  36,349,989  tons. 

No.  926.  Steel  of  1870.  Was  on  tangent,  south  rail,  south  track, 
1500  ft.  west  of  mile-post  182  from  Philadelphia.  In  service  from 
April,  1870,  to  July,  1879 — 9  yrs.  3  mos.  On  level.  Tonnage, 
76,409,123  tons. 

No.  927.  Steel  of  1870.  Was  on  tangent,  south  rail,  south  track, 
1500  ft.  west  of  mile-post  182  from  Philadelphia.  In  service  from 
April,  1870,  to  July,  1879 — 9  yrs.  3  mos.  On  level.  Tonnage, 
76,409,123  tons. 

No.  928.  Steel  of  1874.  Was  on  tangent,  south  rail,  south  track, 
200  ft.  east  of  mile-post  181  from  Philadelphia.  In  service  from 
July,  1874,  to  July,  1879— 5  years.  On  level.  Tonnage,  43,610,150 
tons. 

No.  929.  Steel  of  1867.  Was  on  high  side  of  2J°  curve,  north 
rail,  north  track,  250  ft.  east  of  mile-post  194  from  Philadelphia. 
In  service  from  December,  1867,  to  July,  1879 — 11  yrs.  7  mos.  On 
level.     Tonnage,  52,991,684  tons. 

No.  930.  Steel  of  1867.  Was  on  low  side  of  2^°  curve,  south 
rail,  north  track,  250  ft.  east  of  mile-post  194  from  Philadelphia. 
In  service  from  December,  1867,  to  July,  1879 — 11  yrs.  7  mos.  On 
level.     Tonnage,  52,991,684  tons. 

No.  931.  Steel  of  1868.  Was  on  high  side  of  3°  curve,  south 
rail,  north  track,  400  ft.  east  of  mile-post  191  from  Philadelphia. 
In  service  from  January,  1869,  to  July,  1879 — 10  yrs.  6  mos.  On 
level.     Tonnage,  51,720,011  tons. 

No.  932.  Steel  of  1868.  Was  on  low  side  of  3°  curve,  north  rail, 
north  track,  400  feet  cast  of  mile-post  191  from  Philadelphia.     In 
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service  from  January,  18G9,  to  July,  1879 — 10  yrs.  6  months.  On 
level.     Tonnage,  51,720,011  tons. 

No.  933.  Steel  of  1869.  Was  on  high  side  of  3i°  curve,  north 
rail,  south  track,  1000  feet  east  of  mile-post  183  from  Philadelphia. 
In  service  from  November,  1869,  to  July,  1879 — 9  yrs.  8  mos.  On 
level.     Tonnage,  78,364,968  tons. 

No  934.  Steel  of  1869.  AVas  on  low  side  of  3^°  curve,  south  rail, 
south  track,  1000  feet  east  of  mile-post  183  from  Philadelphia.  In 
service  from  November,  1869,  to  July,  1879 — 9  yrs.  8  mos.  On 
level.     Tonnage,  78,364,968  tons. 

No.  935.  Steel  of  1866.  Was  on  high  side  of  2°  curve,  north 
rail,  south  track,  at  McV^eytown  Station.  In  service  from  Sep- 
tember, 1866,  to  June,  1879 — 12  yrs.  9  mos.  On  level.  Tonnage, 
92,025,478  tons. 

No.  936.  Steel  of  1866.  Was  on  low  side  of  2°  curve,  south 
rail,  south  track,  at  McVcytown  Station.  In  service  from  Sep- 
tember, 1866,  to  June,  1879 — 12  yrs.  9  mos.  On  level.  Tonnage, 
92,025,478  tons. 

No.  937.  Steel  of  1876.  Was  on  low  side  of  2°  curve,  south  rail, 
south  track,  200  ft.  west  of  mile-post  192  from  Philadelphia.  In 
service  from  March,  1876,  to  July,  1879 — 3  yrs.  4  mos.  On  level. 
Tonnage,  29,905, J  22  tons. 

No.  938.  Steel  of  1876.  Was  on  high  side  of  2°  curve,  north  rail, 
south  track,  200  ft.  west  of  mile-post  192  from  Philadelphia.  In 
service  from  March,  1876,  to  July,  1879 — 3  yrs.  4  mos.  On  level. 
Tonnage,  29,905,122  tons. 

No.  939.  Steel  of  1875.  Was  on  the  low  side  of  4°  curve,  south 
rail,  south  track,  250  ft.  east  of  Mount  Union  Bridge.  In  service 
from  May,  1875,  to  July,  1879 — 4  yrs.  2  mos.  On  level.  Tonnage, 
37,150,179  tons. 

No.  940.  Steel  of  1875.  Was  on  the  high  side  of  4°  curve,  north 
rail,  south  track,  250  ft.  east  of  Mount  Union  Bridge.  In  service 
from  May,  1875,  to  July,  1879 — 4  yrs.  2  mos.  On  level.  Tonnage, 
37,150,179  tons. 

No.  941.  Steel  of  1874.  Was  on  high  side  of  3°  curve,  south 
rail,  south  track,  300  ft.  east  of  Manayunk.  In  service  from  Sep- 
tember, 1874,  to  July,  1879 — 4  yrs.  10  mos.  On  level.  Tonnage, 
42,277,638  tons. 

No.  942.  Steel  of  1874.  Was  on  low  side  of  3°  curve,  north  rail, 
south  track,  300  ft.  east  of  Manayunk.  In  service  from  September, 
VOL.  IX.— 22 
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1874,  to  July,  1879—4  yrs.  10  mos.    On  level.    Tonnage,  42,277,638 
tons. 

No.  943.  Steel  of  1873.  Was  on  the  low  side  of  2°  curve,  south 
rail,  south  track,  2000  ft.  west  of  mile-post  179  from  Philadelphia. 
In  service  from  April,  1873,  to  July,  1879 — 6  yrs.  3  mos.  On  level. 
Toi)na<2ce,  55,127,464  tons. 

No.  944.  Steel  of  1873.  Was  on  high  side  of  2°  curve,  north 
rail,  south  track,  2000  ft.  west  of  mile-post  179  from  Philadelphia. 
In  service  from  April,  1873,  to  July,  1879 — 6  yrs.  3  mos.  On  level. 
Tonnage,  55,127,464  tons. 

Accompanying  Phites  6  and  7  give  in  tabular  form  all  the  essen- 
tial data  of  the  history  of  the  rails,  together  with  the  chemical 
analyses,  weights,  and  results  of  the  physical  tests,  as  has  been  before 
stated.  To  a  study  of  these  tables  attention  is  now  directed.  As 
will  be  observed,  the  rails  have  been  arranged  in  six  groups,  accord- 
ino'-  to  the  kind  of  service  to  which  they  have  been  subjected.  The 
first  group  of  16  rails  did  their  service  on  grade  tangents  ;  the  second 
group  of  8  rails  on  the  low  side  of  grade  curves;  the  third  group  of 
8  rails  on  the  high  side  of  grade  curves  ;  the  fourth  group  of  16  rails 
on  level  tangents;  the  fifth  group  of  8  rails  on  the  low  side  of  level 
curves;  and  the  sixth  group  of  8  rails  on  the  high  side  of  level 
curves.  As  will  likewise  be  observed,  the  rails  within  the  groups 
have  been  arranged  in  regular  order  according  to  loss  of  metal  per 
million  tons,  the  rail  having  lost  least  metal  per  million  tons  being 
placed  first.  The  first  rails  in  the  several  groups  are  therefore  the 
slower  wearing,  while  the  latter  rails  are  the  more  rapid* wearing. 
This  arrangement  enables  us  to  compare  the  slower-wearing  rails  of 
the  different  kinds  of  service  with  the  more  rapid-wearing  ones,  and 
to  discover  what  physical  qualities,  and  what  chemical  composition, 
are  characteristic  of  the  slower-wearing  as  well  as  the  faster-wearing 
rails. 

Givino-  our  attention  now  to  the  tables,  I  think  the  first  observa- 
tion  will  be  that  there  is  no  absolute  gradation  in  physical  qualities, 
or  in  chemical  composition,  a})plying  to  every  rail  in  each  group, 
which  corresponds  to  the  gradation  in  amount  of  metal  lost  per  million 
tons.  In  other  words,  if  we  take  tensile  strength,  or  elongation  in  the 
physical  qualities,  or  the  carbon  or  phospliorus  in  the  chemical  com- 
position, we  do  not  find  that  the  first  rail  in  each  group  is  character- 
ized by  a  certain  figure  in  any  one  or  more  of  these  respects,  while  the 
last  rail  in  the  group  is  characterized  by  another  different  figure,  and 
all  the  intermediate  rails  arrange  themselves  in  respect  to  any  of 
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these  peculiarities,  between  these  two  extreme  rails  of  tlie  g;ronp. 
Nor  do  I  tliink  we  ought  to  expect  such  uniformity,  and  for  the 
following  reasons : 

First.  Whatever  errors  there  may  have  been  in  determining  the 
loss  of  metal  of  these  rails  or  in  the  tonnages,  as  has  been  before 
described,  will  of  course  have  an  influence  in  determining  the  position 
of  any  rail  in  the  group  to  which  it  belongs.  And,  as  has  already 
been  said,  while  I  do  not  think  that  these  errors,  whatever  they  may 
be,  are  sufficient  to  seriously  obscure  or  counteract  the  general  con- 
clusions which  the  results  are  calculated  to  teach,  yet  these  errors 
may  possil)ly  be  large  enough  to  give  some  rail  a  position  in  the 
group  which  it  should  not  occupy. 

Second.  I  am  not  aware  that  it  is  known  as  yet  exactly  what 
loear  is,  or  what  it  is  dependent  upon.  Some  considerations  in  re- 
gard to  the  nature  of  wear  will  be  advanced  further  on  ;  but  whether 
Avear  is  a  direct  function  of  the  tensile  strength  of  steel,  or  of  its 
elongation,  or  of  its  elastic  limit,  or  of  its  resilience,  or  any  combina- 
tion of  these,  or  indeed,  as  seems  somewhat  probable,  of  the  amount 
of  distortion  by  bending  that  a  piece  of  steel  will  suffer,  is  a  problem 
yet  to  be  solved.  It  may  be  that  wear  bears  a  direct  ratio  to  the 
elongation  within  the  elastic  limit,  or  to  the  amount  of  work  done 
within  the  elastic  limit  whenever  a  particle  is  worn  off;  or  indeed, 
wear  may  be  a  direct  function  of  the  granular  structure  of  steel,  the 
wear  being  more  rapid  as  the  granular  structure  is  coarser,  or  vice 
versa.  Or,  finally,  wear  may  be  due  to  a  combination  of  causes, 
and  each  cause  may  require  for  its  elucidation  a  different  physical 
test.  It  is  perhaps,  therefore,  not  strange,  in  view  of  this  want  of 
knowledge,  that  in  a  series  of  steels  arranged  according  to  loss  of 
metal,  or  on  the  principle  of  wear,  the  pliysical  qualities  which  we 
are  now  able  to  measure  should  not  show  uniform  gradations  throucrh- 
out  the  series.  But,  it  seems  to  me,  this  reasoning  does  not 
tend  to  throw  doubt  on  our  ability  to  draw  conclusions  that  will 
be  valuable  from  the  work  which  we  have  in  hand.  For  the 
question  we  are  studying  is  not  what  does  wear  depend  uj)on,  but 
what  chemical  com[)osition,  and  what  physical  properties,  are,  in 
general,  characteristic  of  such  rails  as  have  in  actual  service  given 
least  loss  of  metal  per  million  tons'  burden?  While  the  answer 
to  this  question  may  not  solve  the  whole  problem  of  wear,  yet  it 
cannot  fail  to  throw  light  on  the  relation  between  the  chemistry  and 
physics  of  steel  and  its  wearing  capacity,  which,  after  all,  with  oui* 
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present  knowledge  of  steel  metallurgVj  is  all  the  knowledge  we  are 
able  to  utilize. 

Turnino^  onr  attention  now  ag^aln  to  the  tables  before  referred  to, 
I  think  that,  notwithstanding  we  do  not  find  absolute  uniformity,  as 
has  just  been  explained,  yet  no  one  ean  fail  to  observe,  in  general,  a 
diiferenee,  both  in  physical  properties  and  in  chemical  composition, 
between  the  slower- wearing  and  the  more  rapid-wearing  rails.  Thus, 
in  regard  to  the  physical  properties,  I  think  it  is  entirely  evident  to 
inspection,  that,  in  the  torsion  tests,  the  slower-wearing  rails  in  each 
group,  exce[)t  perhaps  on  the  high  sidesof  curves,  are  characterized  in 
general  by  lower  heiglit  and  greater  length  of  diagram.  In  the  tensile 
tests,  again,  the  slower-wearing  rails  are,  in  general,  characterized  by 
lower  tensile  strength  and  greater  elongation  than  the  more  rapid- 
wearing  ones.  In  the  shearing  tests,  the  same  thing  appears,  viz.,  in 
genei'al,  lower  shearing  stress  and  greater  detrusion.  And  in  the 
bending  tests  we  see  the  same  result,  perhaps  more  strongly  than  in 
any  of  the  other  tests,  viz.,  that  the  slower-wearing  rails  are,  in  general, 
those  which  have  the  lower  bending  stress  and  the  greater  amount 
of  deflection  before  rupture.  In  density,  as  would  be  expected,  the 
slower-wearing  rails  have  the  greater  density.  Again,  in  the  chemi- 
cal composition,  the  same  thing  is  observable,  viz.,  that  the  slower- 
wearing  rails  are  characterized  in  general  by  the  lower  amounts  of  the 
substances  determined,  carbon,  phosphorus,  silicon,  and  manganese, 
while  in  phosphorus  units,  which,  as  you  remember,  I  suggested  as 
an  attenipt  to  measure,  in  a  degree  at  least,  tiie  combined  influence  of 
these  substances  on  the  steel,  the  same  thing  mny  be  seen,  viz.,  in 
general,  the  slower-wearing  rails  are  characterized  by  the  lower 
numbers  of  phosphorus  units. 

Kow,  how  shall  we  render  evident  to  ourselves,  in  a  more  tan- 
gible manner,  what  seems,  on  inspection,  to  be  the  general  teach- 
ing of  the  results  we  are  studying.  I  know  of  no  method  except 
that  of  combining  these  results  together  and  forming  averages. 
This,  I  believe,  is  the  universal  method  applicable  to  all  cases  where 
it  is  desired  to  draw  conclusions  from  results  embracing  a  number 
of  samples.  If,  therefore,  we  make  a  series  of  averages  of  the  results 
obtained,  the  individual  peculiarities  of  the  different  rails  will,  to  a 
certain  extent,  disappear,  and  the  general  conclusions  become  more 
evident. 

Accompanying  Plate  8  gives  a  number  of  such  averages.  The 
first  line  on  this  plate  gives  the  averages  obtained  from  cond^in- 
ing  together  all  the  essential  data  of  the  eight  slower-wearing  rails 
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of  the  first  group.  Tlie  second  line  gives  the  same  data  for  the  eight 
more  rapid-wearing  rails  of  the  same  group.  The  next  ten  lines 
give  the  corresponding  averages  obtained  from  the  remaining  five 
groups.  Turning  our  attention  now  to  these  averages,  I  think 
the  same  general  conclusions  which  w^e  have  already  obtained  be- 
come still  more  clearly  evident,  viz.,  that,  perhaps  with  the  excep- 
tion of  the  rails  on  the  high  sides  of  curves,  the  slower-wearing  rails 
in  each  group  are  in  general  characterized  by  those  peculiarities 
which  we  are  accustomed  to  comprehend  under  the  general  term 
softer  steel ;  that  is,  in  general,  diagrams  of  less  height  and  greater 
length,  lower  tensile  strength  and  greater  elongation,  lower  shearing 
stress  and  greater  detrusion,  lower  bending  stress  and  greater  deflec- 
tion, and  lower  amounts  of  carbon,  phosphorus,  silicon,  and  man- 
ganese, and  lower  phosphorus  units.  The  exceptions  to  the  law,  if 
we  may  so  call  it,  will  be  readily  noticed,  and  are,  perhaps,  insep- 
arable from  averages  formed  from  so  small  a  number  of  samples  as 
are  some  of  these.  The  rails  on  the  high  sides  of  curves  will  be 
noticed  further  on. 

With  regard  to  the  averages  under  consideration,  it  is  perhaps 
interesting  to  notice  that  the  slower-wearing  rails  are  characterized 
throughout  the  whole  series  by  lower  height  of  diagram  and  lower 
elastic  limit  in  the  torsion  tests,  bv  lower  elastic  limit  in  the  an- 
nealed  tensile  tests,  by  lower  bending  stress  and  greater  deflection 
in  the  bending  tests,  by  lower  phosphorus  and  lower  manganese  in 
the  chemical  analyses,  by  lower  phosphorus  units  and  by  greater 
density.  It  should  be  remarked  that  the  high  average  silicon  of  the 
slower-wearing  rails  on  grade  tangents  is  caused  almost  entirely  by 
rail  No.  881,  a  rail  whose  chemical  composition  and  physical  proper- 
ties are  certainly  anomalous.  This  rail  has  0.48  of  silicon  together 
with  high  carbon  and  manganese,  and  yet  it  gives  with  high  ten- 
sile strength,  as  would  be  expected,  a  very  good  elongation.  I 
may  add  that  three  determinations  of  the  silicon  in  this  rail  were 
made,  in  order  to  be  sure  that  there  was  no  error  in  the  work.  The 
peculiarities  of  this  rail  cause  the  average  of  which  it  forms  a  part 
to  differ  from  the  other  avera<>:es  of  the  slower-wearina:  rails  in  sev- 
eral  particulars.  If  this  rail  is  thrown  out,  and  an  average  made 
from  seven  rails  instead  of  eight,  all  the  data  fall  more  nearly  into 
line  with  the  averages  of  the  slower-wearing  rails  in  the  other 
groups.  Thus,  to  give  two  or  three  examples,  the  average  tensile 
strength  of  the  unannealed  tests  becomes  75,143  lbs.  instead  of 
79,625  lbs.;  the  elastic  limit  of  same  tests,  35,000  lbs.  instead  of 
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37,625  lbs. ;  tlie  tensile  strength  of  the  annealed  tests,  75,428  lbs. 
instead  of  78,250  lbs.;  the  carbon,  0.301  instead  of  0.324;  the 
phosphorus,  0.082  instead  of  0.076;  the  silicon,  0.048  instead  of 
0.102;  the  manganese,  0.530  instead  of  0.563;  and  the  phos- 
phorus units,  31.3  instead  of  34.8. 

With  regard  to  the  rails  on  the  high  sides  of  curves,  it  will  be 
observed  that  they  do  not  seem  to  be  governed  throughout  by  the 
same  law  as  the  remaining  groups.  Whatever  may  be  the  reason 
for  this  no  one  can  fail  to  observe  indications,  which  seem  to  point 
in  the  direction,  that  on  the  hii>:h  sides  of  curves  the  harder  rails 
give  the  better  wear.  This  is  especially  noticeable  in  the  group  of 
rails  on  the  high  sides  of  level  curves.  It  is,  nevertheless,  to  be 
observed  that  in  some  of  the  data,  especially  height  of  diagram  and 
elastic  limit  in  the  torsion  tests,  ehastic  limit  in  both  the  annealed 
and  unannealed  tensile  tests,  in  the  shearing  tests,  in  the  deflection  of 
the  bending  tests,  and  in  the  chemical  composition,  the  groups  of 
rails  on  the  high  sides  of  curves  do  not  differ  from  the  remaining 
groups.  It  would  not  be  surprising  if  more  extended  data  should 
show  that  a  different  quality  of  steel  would  give  better  wear  on  the 
high  sides  of  curves  than  was  found  best  in  the  other  conditions  of 
service.  For  on  tangents,  and  on  the  low  sides  of  curves,  the  kind 
of  wear  to  which  the  rails  are  subjected  seems  to  be  different  in  its 
nature  from  the  wear  on  the  high  sides  of  curves.  On  tangents,  and 
on  the  low  sides  of  curves,  the  loss  of  metal  is  apparently  due  to  two 
causes:  1st  and  principally,  to  rolling  friction  ;  and  2d,  to  the  slid- 
ing of  the  wheels.  Now  on  the  high  sides  of  curves,  in  addition  to 
the  loss  of  metal  due  to  these  causes,  there  is  also  that  due  to  the 
flanges  of  the  wheels,  or  flange  wear.  Now  flange  wear  may  not 
only  be  different  in  its  nature,  but  may  also  require  different  quali- 
ties in  steel  to  most  successfully  resist  it  from  what  are  found  best 
where  the  rails  are  subjected  principally  to  rolling  friction.  This 
point  will  be  referred  to  again  when  we  come  to  speak  of  the  na- 
ture of  wear. 

Thus  far  we  have  confined  our  study  to  the  consideration  of 
averages  obtained  from  the  rails  within  each  group.  But  if  I  am 
right,  the  value  of  averages  increases  with  the  number  of  samples 
from  which  they  are  derived.  It  will  be  instructive,  therefore,  to 
make  averages  of  the  slower  and  faster-wearing  rails,  embracing  as 
large  a  number  of  samples  as  possible.  But,  as  has  just  been  noticed, 
the  kind  of  wear  to  which  rails  have  been  subjected,  whether  rolling 
and  sliding  friction  or  flange  wear,  may  have  an  influence.     It  will, 
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therefore,  perliaps  be  most  instructive  to  make  averages  of  all  the 
rails  wliich  have  been  subjected  to  the  same  kind  of  wear,  and  see 
what  their  testimony  is  as  to  the  physical  ])roperties  and  chemical 
composition  of  the  slower-wearing  rails.  Now  forty-eight  rails  out 
of  the  sixty-four  we  are  studying  did  their  service  under  similar 
circumstances  as  to  kind  of  wear;  that  is,  forty-eight  of  the  rails 
were  on  tangents  and  on  the  low  sides  of  curves,  and  consecpiently 
had  little  or  no  flange  wear,  while  sixteen  of  the  rails  were  on  the 
high  sides  of  curves,  and  were  consequently  subjected  to  both  kinds 
of  wear. 

In  accompanying  Plate  8,  line  No.  13  gives  the  averages  of 
the  twenty-four  slower-wearing  rails  which  did  their  service  on 
tangents  and  on  the  low  sides  of  curves,  and  were  consequently  sub- 
jected to  the  same  kind  of  wear;  while  line  No.  14  gives  the  aver- 
ages of  the  twenty-four  faster-wearing  rails  that  did  their  service 
under  the  same  conditions.  Line  No.  15  gives  the  averages  of  the 
eight  slower-w^earing  rails  that  were  on  the  high  sides  of  curves,  and 
line  No.  16  the  averages  of  the  eight  faster-wearing  rails  under  the 
same  conditions.     What,  now^,  do  these  four  lines  of  results  teach? 

With  regard  to  the  first  two  of  these  four  lines,  inspection  seems 
to  me  to  show  very  clearly  that  the  slower-wearing  rails  are  charac- 
terized by  those  physical  properties  and  that  chemical  composition 
which  we  are  accustomed  to  comprehend  under  the  term  softer  steel. 
In  other  words,  we  find  that  the  slower-wearing  rails  are  character- 
ized by  lower  height  and  greater  length  of  diagram  and  lower  clastic 
limit  in  the  torsion  tests;  by  lower  tensile  strength,  lower  elastic 
limit,  and  greater  elongation  in  the  tensile  tests;  by  lower  shearing 
stress  and  greater  detrusion  in  the  shearing  tests;  by  lower  bending 
stress  and  greater  deflection  in  the  bending  tests;  by  lower  carbon, 
phosphorus,  and  manganese,  with  a  trifle  higher  silicon  (caused  by 
rail  No.  881,  as  has  been  before  explained)  in  the  chemical  compo- 
sition ;  by  lower  phosphorus  units,  and  by  greater  density. 

With  regard  to  the  next  two  lines,  giving  the  averages  of  the  rails 
on  the  high  sides  of  curves,  the  testimony  of  the  data  is  not  uniform. 
The  length  and  area  of  diagram  in  the  torsion  tests,  and  the  elonga- 
tion of  the  tensile  tests,  and  also  in  a  slight  degree  the  carbon,  indi- 
cate that  the  slower- wearing  rails  are  the  harder  steel.  In  every 
other  item  of  the  data,  however,  the  slower-wearing  rails  are  charac- 
terized by  the  same  })eculiarities  that  we  have  noticed  in  regard  to 
the  other  rails,  viz.,  lower  height  of  diagram  and  lower  elastic  limit 
in  the  torsion  tests;  lower  tensile  strength  and  lower  elastic  limit  in 


3i4  WEARIXG    CAPACITY   OF   STEEL    RAILS. 

the  tensile  tests ;  lower  shearino:  stress  and  greater  detrnslon  in  the 
shearing  tests;  lower  bending  stress  and  greater  deflection  in  the 
bending  tests;  lower  [)hosphorus,  silicon,  and  manganese,  with  lower 
phosphorus  units  in  tlie  chemical  composition,  and  greater  density. 
It  may  be  that  this  want  of  uniformity  in  the  data  from  the  rails  on 
the  high  sides  of  curves  is  due  to  the  fact  that  our  averages  only 
embrace  sixteen  samples,  and  it  may  be,  on  the  other  hand,  that  an 
indefinite  number  of  samples  would  give  the  same  results.  Or,  again, 
it  may  be  that  this  want  of  uniformity  is  due  to  a  fact  that  has 
already  been  stated,  viz.,  that  on  the  high  sides  of  curves  the  loss  of 
metal  is  due  to  a  mixed  wear,  partly  from  rolling  and  sliding  friction 
and  partly  from  flange  wear.  If  a  certain  quality  of  steel  most 
successfully  resists  loss  of  metal  due  to  rolling  and  sliding  friction, 
and  a  certain  other  quality  of  steel  best  resists  flange  wear,  then 
certainly  it  is  not  strange  that  in  results  obtained  from  a  series  of 
rails,  which  have  been  subjected  to  both  these  kinds  of  wear  at  once, 
there  should  not  be  absolute  uniformity.  If  in  the  case  of  every 
rail  the  loss  of  metal  was  due  almost  entirely  to  rolling  and  sliding 
friction,  or,  on  the  other  hand,  if  the  loss  of  metal  was  due  almost 
entirely  to  flange  wear,  there  is  very  little  doubt  but  that  the  law 
would  appear.  But  it  is  not  difficult  to  conceive  that  there  may  be 
in  any  series  of  rails  such  a  relation  between  the  loss  of  metal  due 
to  both  of  tliese  causes  as  to  make  it  quite  difficult  to  discover  what 
kind  of  steel  is  best  adapted  to  the  high  sides  of  curves. 

Nevertheless,  in  an  investigation  of  the  extent  of  the  one  under 
consideration,  perhaps  the  best  that  we  can  expect  to  do  is  to  get  in- 
dications, and  as  far  as  may  be  definite  conclusions,  as  to  the  kind  of 
rail  best  adapted  to  resist  wear  on  the  road  taken  as  a  whole.  It 
will,  perhaps,  therefore,  not  be  wise  to  discuss  further  the  peculiari- 
ties of  steel  rails  best  adapted  to  any  one  kind  of  service,  but  to  ask  : 
What  is  the  teaching  of  all  the  results  we  have  obtained?  This 
teaching  will  of  course  become  evident  if  we  make  two  averages,  the 
one  of  the  slower-wearing,  and  the  other  of  the  faster-wearing  rails, 
the  two  embracing  the  whole  64  rails. 

In  accompanying  Plate  8,  lines  Nos.  17  and  18  give  such  aver- 
ages. An  inspection  now  of  these  two  lines  seems  to  me  to  pre- 
sent in  a  very  striking  light  the  differences  in  the  results  of  the 
physical  tests  and  in  the  chemical  composit'ron,  which  are  character- 
istic of  the  slower- wearing  and  the  more  rapid-wearing  rails.  In  every 
particular  of  physical  test  and  of  chemical  composition,  except  a 
trifle  higher  silicon,  which,  as  has  been   before  explained,  is  caused 
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by  rail  No.  881,  the  averages  of  the  32  slower-wearing  rails  are  such 
as  beloii":  to  what  we  are  accustomed  to  call  softer  steel.  In  other 
words,  the  slower-wearing  rails  have  on  the  average  less  height  and 
greater  leuirth  of  diagram,  with  lower  elastic  limit  in  the  torsioa 
tests  ;  lower  tensile  strength,  lower  elastic  limit,  and  greater  elonga- 
tion in  the  tensile  tests;  lower  shearing  stress  and  greater  detrusion  in 
the  shearing  tests;  lower  bending  stress  and  greater  deflection  in  the 
bending  tests;  lower  carbon,  phosphorus,  manganese,  and  phos- 
phorus units  in  the  chemical  composition,  and  greater  density.  It 
seems  to  me,  therefore,  that  so  far  as  we  may  trust  the  teachings  of 
64  rails,  all  of  which  have  actually  done  service,  we  can  hardly  escape 
the  conclusion  that  the  softer  rails  give  the  better  wear. 

In  view  of  this  conclusion,  two  questions  very  naturally  arise: 

1st.  If  the  softer  rails  give  the  better  wear  why  not  make  rails 
even  softer  than  those  in  the  series  we  are  now  considering;  or, 
in  other  words,  what  is  the  limit  of  softness  to  which  it  is  possible 
to  go? 

And,  2d.  With  our  present  knowledge  of  steel,  is  there  any  con- 
ception which  will  at  all  assist  us  in  understanding  why  it  is  that 
the  softer  rails  give  the  better  wear? 

As  to  the  first  question,  I  think  almost  every  practical  man  will 
say  at  once  :  If  your  conclusions  are  correct  that  the  softer  rails  give 
the  better  wear,  why  not  make  rails  as  soft  as  possible?  indeed,  why 
not  use  iron  rails  instead  of  steel  ?  In  answer  to  this  latter  question 
I  think  it  may  be  fairly  said,  that  such  metal  as  is  used  for  rails 
which  we  are  accustomed  to  call  iron  is  quite  a  different  metal  from 
that  commonly  called  steel  which  is  used  for  rails.  From  the  pro- 
cesses used  in  their  manufacture,  iron  rails  are  never  free  from  slag, 
and  lack  homogeneity  of  structure,  while  steel  rails,  from  their 
method  of  manufacture,  are  almost  entirely  free  from  slag,  and  are, 
or  should  be,  practically  homogeneous  throughout.  In  the  puddling 
process  by  which  the  iron  for  iron  rails  is  made,  the  metal  when  taken 
from  the  puddling  furnace  is  a  dripping  mass  of  iron  and  slag,  and 
the  amount  of  slag  that  is  removed  is  dependent,  in  great  part  at 
least,  on  the  subsecpient  working.  Furthermore,  in  the  subsequent 
operations  before  the  rail  is  finished  there  are  plenty  of  chances  for 
non-weliling,  so  that  an  iron  rail  might  almost  be  cited  as  an  ex- 
ample of  non-homogeneity  of  structure.  In  the  processes  by  which 
steel  rails  are  made,  on  the  other  hand,  the  metal  previous  to  the 
formation  of  the  ino-ot  is  in  a  state  of  fusion,  thus  allowinoj  thealmost 
complete  separation  of  the  slag,  and  the  formation  of  ingots,  from 
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^vh^ch  rails  are  to  be  rolled,  that  are  or  should  be  practically  homo- 
geneous in  structure.  Now  that  rails  made  from  ingot  iron,  if  such 
a  metal  is  [)ossible,  that  is  iron  which  before  it  became  an  ingot  was 
in  a  state  of  fusion,  would  not,  in  actual  service,  wear  slower  and 
lose  less  metal  per  tnillion  tons'  burden  that  passed  over  them  than 
even  the  best  rails  in  the  series  we  are  studying,  is  an  assertion  which 
I  think  few  men  would  be  willing  to  make,  and  fewer  still  would  be 
able  to  maintain. 

But,  it  seems  to  me,  that  there  is  a  natural  limit  to  the  softness  of 
steel  for  use  in  rails,  which  limit  is  determined  by  the  service  to 
which  the  rails  are  to  be  subjected.  It  is  evident,  I  am  sure,  that 
besides  their  ability  to  successfully  resist  wear,  and  to  withstand  the 
shocks  and  blows  to  which  they  may  be  subjected,  rails  have  also 
another  very  important  duty,  viz.,  they  must  be  able  to  hold  up  the 
load  which  is  to  pass  over  them  without  being  deformed  or  squeezed 
out  of  sha[)e  by  this  load.  They  must  also  have  sufficient  stiffness 
so  as  not  to  be  bent  down  between  the  ties  by  the  load,  and  thus 
give  rise  to  a  series  of  elevations  and  depressions  in  the  track.  To 
take  an  extreme  case  for  an  example,  if  we  had  a  rail  made  of  lead 
no  one  doubts  but  that  it  would  entirely  fail  to  hold  up  the  load 
between  the  ties,  and  would  on  the  ties  be  deformed  and  squeezed 
out  of  shape,  probably,  by  the  first  train  that  passed  over  it.  Now 
those  qualities  of  metal  which  enable  it  to  hold  up  a  load  without 
bending,  and  to  successfully  resist  deformation  from  compression, 
are  generally  comprehended  with  others  under  the  term  hardness. 
In  other  woids,  to  ap{)ly  this  to  the  case  we  have  in  point,  the 
harder  the  steel  in  the  rails  the  less  liable  will  they  be  to  bend  be- 
tween the  ties  and  to  suffer  deformation,  or  to  squeeze  out  from  the 
loads  which  are  above  them.  Here,  then,  is  the  limit  of  softness. 
The  steel  in  the  rails  must  not  be  so  soft  that  they  will  bend  between 
the  ties,  or  squeeze  out  of  shape  and  become  deformed  from  the 
compression  due  to  the  superincumbent  load. 

Just  exactly  where  this  limit  shall  be  placed  is  of  course  a  ques- 
tion to  be  decided  by  the  weight  of  the  locomotives  and  cars  which 
are  intended  to  run  over  the  rail.  On  roads  where  the  locomotives 
and  cars  are  comparatively  light,  the  rails  could  be  made  softer, 
and  consequently,  if  our  conclusions  are  correct,  the  loss  of  metal  per 
million  tons'  burden  would  be  less  than  on  roads  using  heavier  loco- 
motives and  freig-htino;  their  cars  with  heavier  loads.  Just  where  this 
limit  of  softness  is  in  the  case  of  the  Pennsylvania  Railroad,  it  is  of 
course  impossible  to  say,  but  from  an  examination  of  all  the  rails 
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which  liavc  been  tested  at  Altoona,  amounting  to  nearly  a  hundred 
samples,  I  tliink  that  steel  wliich  gives  a  tensile  strength  of  G5,000 
lbs.  per  square  inch  or  over  will  give  very  little  or  no  trouble  from 
bending  or  deformation  in  the  track.  It  may  be  that  this  limit 
might  be  still  lower,  but  with  our  present  knowledge  of  the  subject, 
and  without  further  experimentation,  I  should  hardly  like  to  recom- 
mend it.  Another  consideration  comes  in  here,  and  that  is,  it  is  a 
little  more  difficult  to  successfully  make  soft  steel  than  to  make  hard 
steel,  and  it  may  be,  therefore,  that  the  difficulties  of  manufacture 
will  help  to  establish  the  limit  of  softness. 

As  to  the  second  question:  Is  there  any  conception  which  helps  us 
to  understand  why  it  is  that  the  softer  rails  give  the  better  wear?  I 
will  say  that  in  view  of  our  absence  of  knowledge  as  to  exactly  what 
quality  or  combination  of  qualities  of  steel  wear  is  a  function  of,  the 
answer  to  this  question  becomes  difficult.  Nevertheless  we  may 
possibly  get  a  little  help  upon  this  point  by  devoting  a  few  moments 
to  the  consideration  of  what  takes  place  when  steel  suffers  loss  of 
metal  by  wear,  \yhat  then  is  the  condition  of  the  surfaces  involved 
in  wear  ?  What  are  the  forces  which  act,  and  wdiat  are  the  strains 
produced? 

If  I  understand  the  matter  correctly,  no  two  surfaces  ever  have 
been  made,  or  can  be  made,  that  are  absolutely  smooth.  At  the 
very  best,  the  smoothest  surfaces  are  made  up  of  elevations  and 
depressions,  very  minute,  it  is  true, — perhaps  almost  infinitesimal 
and  entirely  incapable  of  measurement, — but  nevertheless  real  ele- 
vations and  depressions.  When  these  elevations  and  depressions 
are  tangible,  we  call  the  surface  rough;  when  they  are  infinitesimal, 
we  call  it  smooth.  If,  now,  this  reasoning  is  correct,  the  surface  of 
the  head  of  a  rail,  as  well  as  that  of  the  circumferences  of  the  wheels 
above  it,  are  made  up  of  elevations  and  depressions,  which,  when 
the  two  surfaces  are  in  contact,  must  more  or  less  fit  into  one  an- 
other. And  it  is  this  fitting  in  of  the  minute  elevations  and  de})res- 
sions  of  the  two  surfaces  that  gives  rise  to  friction.  If  the  two  sur- 
faces were  absolutely  smooth,  there  would  be  no  friction,  and,  con- 
sequently, no  tractive  power  in  the  locomotives,  nor  would  the  wheels 
under  the  cars  turn  around.  Friction  of  this  kind  we  are  accus- 
tomf^d  to  call  rolling  friction.  In  reality,  then,  a  rail  and  the  wheel 
which  rolls  above  it  may  be  regarded  as  a  rack  and  pinion  with 
infinitesimal  teeth,  lacking,  of  course,  the  element  of  regularity  as 
to  the  position  of  the  teeth  which  characterizes  a  rack  and  pinion. 
So  much  for  the  surfaces  involved  in  wear. 
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Now,  what  are  the  forces  involved  in  wear,  and  what  strains  do 
they  give  rise  to?  If  I  understand  the  matter  rightly,  tliere  are 
two  kinds  of  friction  Vvhich  may  occasion  loss  of  metal  by  wear  in 
the  case  of  rails:  1st.  Rolling  friction,  which  occurs  when  the 
wheels  turn  around  and  the  trains  move  forward;  and,  2d.  Sliding 
friction,  which  occurs  when  the  wheels  turn  around  in  the  same  place, 
as  in  the  case  of  slip})ing  drivers,  or  when  the  Avheels  do  not  turn 
around  and  yet  move  along  the  track,  as  in  the  case  of  sliding  wheels. 
It  is  probable,  however,  that  by  far  the  largest  portion  of  the  loss  of 
metal  which  rails  suffer  is  due  to  rolling  friction  ;  it  will  therefore, 
perhaps,  be  sufficient  for  our  purpose  to  consider  this  case  only. 

The  forces  which  act  between  the  top  of  the  head  of  the  rail 
and  the  wheels  in  rolling  friction  may,  it  seems  to  me,  be  regarded 
as  two  in  number.  There  is,  first,  a  force  acting  directly  downward, 
due  to  the  weight  of  the  locomotives  and  cars.  This  force  may  be 
regarded  as  a  vertical  force  acting  per])endicularly  to  the  head  of  the 
rail,  and  is  in  action  both  when  the  train  is  standing  still  and  when 
it  is  in  motion.  Secondly,  there  is  a  force  acting  parallel  to  the 
head  of  the  rail,  due  to  the  traction  or  impelling  power  of  the  loco- 
motives. In  the  case  of  the  driving-wheels,  this  force  may  be  sup- 
posed to  act  in  the  direction  oj)posite  to  that  of  the  motion  of  the 
trains.  In  the  case  of  all  the  other  wheels,  this  force  may  be  sup- 
posed to  act  in  the  direction  of  the  movement  of  the  trains,  and  it  is 
antagonism  to  this  force  by  the  rail  that  causes  all  these  wheels  to 
turn  around.  In  the  case  of  the  drivers,  the  amount  of  this  force 
acting  parallel  to  the  head  of  the  rail  is  sufficient  to  overcome  the 
total  train  resistance;  in  other  words,  to  cause  the  train  to  move.  In 
the  case  of  the  other  wheels  of  the  train,  acting  individually,  this 
force  parallel  to  the  head  of  the  rail  is  small,  being  only  that  neces- 
sary to  cause  the  wheels  to  turn  around  ;  in  otlier  words,  to  overcome 
journal  friction.  The  force  parallel  to  the  head  of  the  rail  acts  only 
when  the  train  is  in  motion. 

In  the  case  of  rolling  friction,  there  is,  of  course,  no  wear 
except  when  both  these  forces  are  acting  at  once.  But  when  two 
forces  are  acting  at  the  same  time,  their  line  of  action  must  be 
regarded  as  in  the  direction  of  the  resultant  of  the  two  forces.  In 
the  case  we  are  considering  we  have  a  vertical  force  and  a  iiorizontal 
force  acting  at  the  same  time,  and  the  resultant  line  of  action  must, 
of  course,  be  a  diagonal.  In  other  words,  in  rolling  friction,  if  the 
conceptions  given  above  are  correct,  the  line  of  a(!tion  of  the  force 
which  produces  wear  must  be  regarded  as  a  diagonal  to  the  line 
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formed  by  the  head  of  the  rail.  In  the  case  of  tlie  driving- wheel*?, 
thediao^onal  is  inclined  toward  the  front  end  of  the  train,  and  in  the 
case  of  the  other  wheels  it  is  inclined  toward  the  rear  of  the  train. 

Returning  for  a  moment  to  the  conception  j^reviously  men- 
tioned, that  the  top  of  the  head  of  the  rail  and  the  surface  of  the 
circumference  of  the  wheel  are  a  rack  and  pinion,  with  infinitesimal 
teeth,  but  without  regularity  in  the  teeth,  let  us  see  what  kind  of 
strain  would  be  produced  in  these  minute  teeth  by  a  force  acting 
diagonally  to  the  line  of  the  head  of  the  rail.  I  hardly  see  how  we 
can  avoid  the  conclusion  that  this  strain  would  be  a  bendino:  strain. 
In  the  case  when  the  infinitesimal  teeth  of  the  wheel  and  rail  did  not 
fit  into  interstices,  but  struck  against  each  other,  in  which  case  the 
ends  of  the  teeth  only  would  be  involved  in  the  strain,  t]]vu  surely 
the  strain  would  be  a  bending  one;  and  again,  in  the  ease  in  which 
the  teeth  mutually  engaged  each  other  as  a  rack  and  pinion,  so  long 
as  there  was  motion  of  the  train,  which  is  a  necessary  condition  of 
rolling  friction,  it  seems  to  me  that  the  strain  would  still  be  that  of 
bending. 

If  we  are  right  in  regard  to  the  nature  of  the  surfaces  in- 
volved in  wear  and  the  strains  produced,  wear  is  simply  the  breaking 
or  pulling  off  of  the  infinitesimal  t(>et!i  by  the  strains  to  which  they 
are  subjected.  And  here  we  see  why  it  is  that  the  softer  rails  give 
the  better  wear,  for  the  harder  the  steel  the  more  brittle  it  is;  and 
the  more  brittle  the  steel  the  more  readily  will  these  infinitesimal 
teeth  be  l)roken  off  by  the  strains  apjdied.  On  the  other  hand,  the 
softer  the  steel  the  more  readily  will  these  infinitesimal  teeth  bend 
and  flatten  down  under  the  strain  without  breaking  off.  Or,  to  make 
the  statement  general,  if  the  nature  of  the  steel  is  such  that  under  the 
strains  applied,  whatever  they  may  be,  the  teeth  readily  break  off, 
whicii  is  characteristic  of  hard  steel,  the  more  rapid  will  be  the 
wear;  if,  on  the  other  hand,  the  nature  of  the  steel  is  such  that  the 
teeth  readily  suffer  distortion  without  ru})turo,  bend  and  flatten  down 
without  l)reaking  off,  which  is  ciiaracteristic  of  soft  steel,  the  slower 
will  be  the  wear.  The  above  is  not  offered  as  a  complete  solution  of 
the  problem  of  wear,  but  as  possibly  helping  us  to  understand  why 
it  is  that  the  softer  rails  give  the  better  wear  as  we  actually  find 
they  do. 

The  data  which  have  been  obtained  in  the  work  done  on  this  series 
of  rails,  make  it  possible  to  get  at  some  very  interesting  results  as  to 
the  rate  of  wear  of  rails  under  different  conditions  of  service.  Thus, 
for  example,  what  is  the  comparative  rate  of  wear  of  rails  on  grade 
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tangents  and  on  level  tangents,  or  on  grade  curves  and  on  level  curves, 
or  on  curves  as  compared  with  tangents,  etc.?  These  comparisons 
may  be  made  by  taking  the  average  loss  of  metal  per  million  tons 
of  all  the  rails  which  did  their  service  under  any  one  set  of  con- 
ditions, and  comparing  it  with  the  average  loss  of  metal  of  all  the 
rails  which  did  their  service  under  any  other  set  of  conditions. 
This  of  course  involves  the  supposition  that  the  sixteen  rails,  for  ex- 
ample, which  did  their  service  on  grade  tangents  were  equally  as 
good,  taken  as  a  whole,  as  the  sixteen  which  did  their  service  on  level 
tangents.  Whether  this  supposition  is  absolutely  true  or  not,  I  think 
the  differences  between  groups  of  rails,  that  is  the  differences  between 
the  groups  that  did  their  service  under  different  conditions,  can 
hardly  be  great  enough  to  lead  us  into  serious  error.  The  results 
of  these  comparisons  is  given  in  the  following  three  tables.  In  these 
tables  the  first  column  denotes  the  kind  of  service  to  which  the' 
rails  have  been  subjected,  the  second  column  denotes  the  number 
of  rails  from  which  the  average  loss  of  metal  per  million  tons  in 
column  third  is  derived,  and  the  fourth  column  denotes  the  ratio  of 
the  loss  of  metal  for  the  kind  of  service  between  which  the  compar- 
ison is  made. 

TABLE    NO.  1. 

EFFECT  OF  GRADE  ON  WEAR. 

Kind  of  service. 
Level  tan2;ent, 
Grade  tangent, 

Level  curve,    .         , 
Grade  curve,   . 

Levels,    . 
Grades,   . 

The  above  tal)le  shows  the  effect  of  grade  on  the  wear  of  rails. 
The  average  grade  for  the  rails  on  tangents  was  64.75  feet  to  the  mile, 
and,  as  will  be  observed,  the  rails  on  the  grades  lost  1.82  times  as 
much  metal  as  the  rails  on  levels.  The  average  grade  for  the  rails  on 
curves  was  53.13  feet  to  the  mile,  and,  as  will  be  observed,  the  rails  on 
the  grades  lost  1.80  times  as  much  metal  as  the  rails  on  levels.  The 
average  grade  for  the  whole  32  rails  which  were  on  grades  was  58.94 
feet  to  the  mile,  and,  as  will  be  observed,  the  ratio  of  the  loss  of  metal 
on  levels  and  grades  is  as  1 :  1 .81 .  This  table  may  be  roughly  summed 
up  by  saying  that  within  the  limits  of  our  experiments,  and  with  a 


Ko.  of  rails. 

A^ 

rerage  loss  of 

metal. 

Ratio. 

.     16 
.     16 

.0384  1 
.0701 i 

•      • 

1  :  1.82 

.     16 
.     16 

.0706  ) 
.1277/ 

•      • 

1  :  1.80 

.     32 
.     32 

.05451 
.0989  J 

•     • 

1  :  1  81 
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grade  of  not  quite  60  feet  to  tlie  mile,  tlie  rails  on  the  grade  lose 

about  80  per  cent,  more  metal  per   million  tons  than  the  rails  on 

levels. 

TABLE  NO.  IT. 

EFFECT   OF   CURVES    ON   WEAR. 

No.  of  rails.        Average  loss  of  metal.       Eatio. 


Kind  of  service. 

No.  of 

Grade  tangents, 

.     16 

Grade  curves, 

.     16 

Level  tangents. 

.     16 

Level  curves,  . 

.     16 

Tangents, 

.     82 

Curves,    . 

.     32 

0701  ) 

1277/ 

384-) 
706  J 


.0384 
.0 


.0542  \ 

.0U92  i 


.     1  :  1.82 


.     1  :  1.84 


.     1  :  1.83 


The  above  table  shows  the  eifect  of  curves  on  the  wear  of  rails. 
The  average  degree  of  curvature  of  the  rails  on  grades  was  4J°,  and, 
as  will  be  observed,  the  rails  on  the  curves  lost  82  })er  cent,  more 
metal  per  million  tons  than  the  rails  on  tangents.  The  average 
degree  of  curvatures  on  levels  was  2||°,  and,  as  will  be  observed, 
the  rails  on  curves  lost  84  per  cent,  more  metal  than  the  rails  on 
tangents.  The  average  degree  of  curvature  for  the  whole  32  rails  on 
curves  was  3gJ°,  and,  as  will  be  observed,  the  rails  on  curves  lost 
83  per  cent  more  metal  than  the  rails  on  tangents.  This  table  may 
be  rouglily  summed  up  by  saying  that  under  the  conditions  of  our 
experiments,  and  on  about  4°  curves,  the  rails  on  the  curves  lose 
about  83  per  cent,  more  metal  per   million  tons,  than  the  rails  on 


tangents. 


TABLE  NO.  in. 


WEAR   ON    HIGH    AND   LOW   SIDES   OF   CURVES. 

Kind  of  service. 
Grade  curve,  low  side, 
Grade  curve,  high  side. 

Level  curve,  low  side, 
Level  curve,  high  side. 

Low  sides. 
High  sides, 


No  of  rails. 

Average  loss  of 

metal. 

Ratio. 

.       8 
.       8 

.0801  1 
.1754/ 

•           • 

1  :  2.19 

.       8 
.       8 

.0500  1 
.0911  i 

•      • 

1  :  1.82 

.     16 
.     16 

.0650  \ 
.1332  J 

•      • 

1  :  2.05 

The  above  table  shows  the  relative  rates  of  wear  on  the  hiffh  and 
low  sides  of  curves.  The  average  degree  of  curvature  of  the  rails 
on  the  grades  was  4J°,  and  the  average  elevation  of  the  rails  on  the 
high  sides  of  the  curves  was  4  J  inches,  and,  as  will  be  observed,  the 


352  WEARING   CAPACITY   OF   STEEL   RAILS. 

rails  on  the  liigli  sides  of  the  curves  lost  2.19  times  as  much  metal 
per  million  tons  as  the  rails  on  the  low  sides  of  the  same  curves. 
Again,  the  average  degree  of  curvature  of  the  rails  on  the  levels  was 
2~J°,  and  the  average  elevation  of  the  outer  rail  was  2^|  inches, and, 
as  will  he  observed,  the  rails  on  the  hio:h  sides  of  the  curves  lost  82 
per  cent,  more  metal  than  the  rails  on  the  low  sides  of  the  same  curves. 
Finally,  the  average  curvature  of  all  the  rails  on  curves  was  ^^\°, 
and  the  average  elevation  of  the  outer  rail  was  Sf.\  inches,  and,  as 
will  be  observed,  the  rails  on  the  high  sides  of  the  curves  lost  2.05 
times  as  much  metal  as  the  rails  on  the  low  sides  of  the  same  curves. 
This  table  may  be  roughly  summed  up  by  saying,  that  under  the 
conditions  of  our  experiments,  with  an  average  curvature  of  about 
4°,  and  an  average  elevation  of  the  outer  rail  of  about  4  inches,  the 
rails  on  the  high  sfdes  of  the  curves  wear  a  little  over  twice  as  fast 
as  the  rails  on  the  low  sides  of  the  same  curves. 

The  data  which  have  been  obtained  in  the  work  done  in  this  series 
of  rails  furnish  likewise  the  means  of  getting  at  some  interesting 
facts  as  to  the  life  of  rails.  It  is  of  course  a  difficult  thing  to  say 
just  exactly  when  a  rail  is  so  worn  that  it  can  fairly  be  called  worn 
out.  And  yet  we  can  perhaps  make  a  few  assumptions  which,  al- 
though not  absolutely  definite,  may  aid  in  throwing  some  light  on 
this  interesting  question.  If  we  take  any  standard  67  lb.  rail,  and 
suppose  that  the  head  is  worn  off  on  tangents  or  on  the  low  sides  of 
curves  until  it  is  from  J  to  f  of  an  inch  lower  than  it  was  when 
rolled,  the  amount  of  metal  worn  off  will  vary  from  about  6  lbs.  to 
10  lbs.  per  yard.  On  the  other  hand,  if  the  rail  has  done  service 
on  the  hiirh  sides  of  curves,  the  amount  of  metal  worn  off  when  the 
side  of  the  head  is  worn  up  to  the  fish-plate  will  not  be  far  from  7 
lbs.  per  yard.  But  as  I  understand  it,  the  ])resent  practice  on  the 
road  is,  when  a  rail  has  become  worn  on  the  high  side  of  a  curve  up 
to  the  fish-plate,  to  remove  it  to  the  other  side  of  the  curve,  and  get 
two  or  three  years  more  wear  out  of  it  in  that  position.  For  the 
very  general  conclusions  that  we  are  after,  therefore,  it  will  perhaps 
be  sufficiently  accurate  to  say,  that  a  rail  may  fairly  be  said  to  be 
worn  out  when  it  has  lost  8  lbs.  of  metal  per  yard.  This  assump- 
tion of  course  does  not  pretend  to  actually  represent  the  loss  of  metal 
by  wear  which  may  or  ought  to  be  obtained  from  every  rail  before 
it  is  worn  out.  1  n  the  case  of  the  old  standard  section,  it  is  probable 
that  rails  may  fairly  be  said  to  be  worn  out  when  they  have  lost 
in  the  neighborhood  of  8  lbs.  per  yard.  In  the  case  of  the  new 
standard  section  (section  of  1875)  a  loss  of  from  10  to  14  lbs.  per 
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yard  would  leave  the  rail  in  as  good  condition  as  a  loss  of  8  lbs.  per 
yard  from  the  old  standard  section.  In  the  following  data,  how- 
ever, a  rail  is  assumed  to  l)e  worn  out  when  it  has  lost  8  lbs.  per  yard, 
and  from  the  figures  given  it  will  be  easy  to  obtain  the  life  of  rails 
for  any  other  assumed  loss  of  metal.  It  will,  of  course,  be  borne  in 
mind,  that  the  figures  which  follow  are  strictly  applicable  only  to 
rails  of  the  same  quality  and  doing  service  under  the  same  con- 
ditions as  those  from  which  these  figures  are  derived.  The  conclu- 
sions must  therefore  be  regarded  as  entirely  general. 

The  following  table  shows  what,  with  such  average  quality  of 
steel  as  tliis  rei)ort  deals  with,  may  be  expected  from  rails  in  the 
various  conditions  of  service.  The  first  column  gives  the  number  of 
the  line  in  the  table,  the  second  column  the  kind  of  service,  the 
third  column  the  number  of  rails  from  which  the  average  loss  of  metal 
in  column  four  is  obtained,  the  fifth  column  the  number  of  million 
tons  required  in  order  that  the  rail  may  lose  8  lbs.  of  metal  })er  yard, 
the  sixth  column  the  life,  or  number  of  years  the  rail  would  last  in 
the  north  track,  and  the  seventh  column  the  life,  or  number  of  years 
in  south  track.  These  last  two  columns  are  computed  on  the  sup- 
position that  the  yearly  tonnage  on  the  north  track  is  5,000,000 
tons  and  on  the  south  track  8,000,000  tons.  On  the  north  track, 
during  the  9 J  years  previous  to  July,  1879,  the  average  annual  ton- 
nage, including  of  course  the  locomotives  and  the  weight  of  the  cars 
as  well  as  their  loads,  has  been  4,904,000  tons,  while  on  the  south 
track,  during  the  six  years  ])revious  to  July,  1879,  the  average  an- 
nual tonnage  has  been  7,985,000  tons. 


TABLE  IV. 
THE    LIFE   OF    RAILS  UNDER    DIFFERENT  CONDITIONS   OF   SERVICE. 


No.  of 
line. 

Kiud  of  service. 

No. 
of  rails. 

Average 
lo.sh  of 
metal. 

No.  of  million 

tons  to  kise 

8  lbs. 

Life  in  year-. 
North  t'rack. 

Life  in  years, 
Soutii  track. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

n 

12 
i:^ 
14 
15 
1« 
17 

Lns'el  tangents 

16 

It; 

1() 

16 

8 

8 

8 

8 

32 

32 

32 

32 

16 

16 

64 

32 

32 

.0384 
.0701 
.07116 
.1277 
.OoOO 
.0911 

.17-54 
.0542 
.0992 
.()r.4-) 
.0989 

.oono 
.]3:;2 

.07(;7 

.or)()6 

.1028 

208.4 
114.1 
113.3 

G2.7 
160.0 

87.8 

98  9 

4.i.7 
147.6 

80.6 
146.8 

80.9 
123.1 

60.1 
104.3 
158.1 

77.8 

41  7 
22.8 
22  6 
12.5 
32  0 
17  5 
19.8 
9.1 
29.5 
16.1 
29  4 
1G.2 
24.6 
12.0 
20  8 
31.6 
15.6 

26.1 
142 
14.1 

7.8 
20.0 
11.0 
12.3 

5.7 
1^5 
10.1 
18  3 
10.2 
15.4 

7.5 
13.0 
19.8          t 

9.7 

Grade  taiigt^uts 

Lt  vel  cu  rves 

(iiade  curves 

L<i\v  ^ide  level  ciirve.s. 
IIiL!li  side  level  curves. 
Lnwside  grade  curves. 
Higli  side  grade  curves. 
Taimeuls 

(.11  rves 

Levels 

(iradi s 

Low  side  curves 

High  side  curves 

All  conditions 

o2  >]o\ver  wearing 

32  faster  wearing 
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In  the  above  table  the  first  eight  lines  show  what  may  be  expected 
from  rails  of  tlie  quality  we  are  considering  in  all  the  conclition^:  of 
service,  on  the  supposition  that  a  rail  is  worn  out  when  it  lias  lost 
eight  pounds  of  metal  per  yard,  and  that  it  carries  five  million  tons 
per  year  in  the  north  track  and  eight  million  tons  per  year  in  the 
south  track.  It  is,  of  course,  very  easy  to  obtain  from  the  figures 
given  the  life  of  rails  under  any  other  supposition.  Thus  if  the 
tonna<re  doubles,  the  life  of  the  rails  would  of  course  be  one-half  as 
great  as  that  given  above.  On  the  other  hand,  if  a  rail  is  not  re- 
garded as  worn  out  until  it  has  lost  twelve  pounds  of  metal  per  yard, 
the  life  of  the  rail,  the  tonnage  being  the  same,  will  be  one-half 
greater  than  the  figures  given  above.  The  remaining  lines  of  this 
table,  except  the  last  two,  show  the  life  of  rails  under  different  com- 
binations of  the  various  conditions  of  service.  They  are  given  for 
the  sake  of  information,  and  perhaps  do  not  need  any  special  com- 
ment or  explanation.  The  first  eight  lines,  of  course,  give  the  data 
that  are  most  valuable.  With  regard  to  these  data  it  will  be  noticed 
that  on  the  high  sides  of  grade  curves,  the  average  degree  of  curvature 
being  4|°  and  the  average  grade  64.75  feet  to  the  mile,  a  rail  of  such 
average  quality  as  those  we  are  studying,  and  on  the  suppositions 
above  given  as  to  loss  of  metal  and  tonnage,  may  be  expected  to  last 
a  little  less  than  six  years  in  south  track  and  a  little  over  nine  years 
in  north  track.  On  the  low  sides  of  the  same  curves  the  life  is  a 
little  more  than  twice  as  long.  This  table  may,  perhaps,  be  best 
summed  up  by  saying  that  rails  have  their  shortest  life  on  the  high 
sides  of  grade  curves,  next  on  the  high  sides  of  level  curves,  next  on 
the  low  sides  of  grade  curves,  next  on  grade  tangents,  next  on  low 
sides  of  level  curves,  and  their  longest  life,  as  would  be  expected,  on 
level  tangents. 

It  is  an  interesting  question  whether  it  will  be  possible  to  get  the 
high  number  of  years'  service  given  under  some  of  the  coriditions 
above  in  actual  practice?  At  first  sight  this  seems  improbable. 
But  so  far  as  loss  of  metal  by  wear  is  concerned,  I  see  no  escape 
from  the  conclusions  given  above,  the  conditions  remaining  the  same. 
Other  causes  may,  of  course,  take  a  rail  out  of  service.  And  un- 
doubtedly these  other  causes,  such  as  crushing,  breaking,  distortion 
of  liead,  and  especially  uneven  wear,  will  all  combine  to  make  the 
average  life  considerably  less  than  the  above  figures  show.  Never- 
theless, the  life  of  rails  due  to  wear  alone  being  known,  it  will,  of 
course,  be  the  aim  to  diminish  the  removal  of  rails  from  the  track 


WEARING   CAPACITY   OF   STEEL   RAILS.  355 

due  to  other  causes  as  much  as   possible,   and   thus   approximate 
clbsely  to  the  best  results. 

One  word  more  in  regard  to  the  life  of  rails.  The  last  two  lines 
in  tlie  above  table  give  tlie  same  items  of  information,  computed  in 
the  same  wav,  as  are  contained  in  the  remainder  of  the  table.  But 
in  tlie  first  of  these  two  lines  the  data  are  such  as  would  be  obtained 
if  all  the  rails  in  the  series  had  been  as  good  as  the  average  of  the 
thirty-two  slower-wearing  or  better  rails,  while  the  second  of  these 
two  lines  shows.what  would  result  if  all  the  rails  had  been  the  same 
as  the  average  of  the  thirty-two  faster- wearing.  As  will  be  observed, 
if  all  the  rails  in  the  series  had  lost  metal  or  worn  as  fast  as  the 
average  of  the  thirty-two  faster-wearing  rails,  the  best  that  we  could 
expect  under  the  suppositions  given,  as  to  loss  of  metal  and  yearly 
tonnage,  would  be  a  tonnage  of  about  seventy-eight  millions  and  a 
life  of  a  little  less  than  ten  years  in  south  track.  On  the  other  hand, 
if  all  the  rails  had  been  as  good  as  the  average  of  the  thirty-two 
slower- wearing  or  better  rails,  the  tonnage  and  life  would  be  just 
about  double  these  figures.  In  otl/er  words,  the  slower-wearing  rails 
are  on  tlie  average  about  twice  as  good  in  quality  as  the  faster- wear- 
ing, and  would  consequently  give  about  twice  as  high  a  tonnage  and 
twice  as  long  a  life. 

These  data  may  be  put  in  another  form,  which  perhaps  will  be 
the  fairer  way  of  looking  at  them.  The  average  life  of  the  sixty- 
four  rails  we  are  studying,  on  the  supposition  that  they  are  worn  out 
when  they  have  lost  eight  pounds  per  yard,  and  that  the  yearly  ton- 
nai^e  in  south  track  is  eii^ht  million  tons,  is,  as  is  seen  in  third  line 
from  bottom  of  above  table,  thirteen  years.  If,  now,  we  were  able 
to  obtain  steel  rails  as  good  in  average  quality  as  the  thirty-two 
slower-wearing  rails  in  our  series,  this  average  life  would  be  almost 
twenty  years,  or  an  increase  in  life  of  over  50  per  cent. 

The  question  now  arises,  How  shall  the  results  of  this  work  be 
utilized?  I  think  it  is  entirely  evident  that  the  direction  in  which 
effort  must  tend  in  order  that  these  results  may  be  utilized  is  toward 
securing  softer  steel.  And  just  here,  perhaps,  is  the  proper  place  to 
notice  what  seems  to  me  a  very  im})ortant  point.  As  you  know  so 
well  this  is  our  second  investigation  u})on  steel  rails.  The  first  in- 
vestigation, as  has  already  been  stated,  dealt  principally  with  the 
question  as  to  the  relation  between  the  chemical  and  physical  prop- 
erties of  steel  rails,  and  their  power  to  resist  crushing  and  fracture 
in  track.  The  conclusion  reached,  as  you  remember,  was  that  the 
softer  rails  are  less  liable  to  crush  or  break  in  service  than  the  harder 
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ones.  'Now  in  this  second  investigation  we  find  that  tlie  softer  rails 
give  the  better  wear.  In  other  words,  the  softer  steel  makes  rails 
which  are  not  only  less  likely  to  crush  or  break  in  service,  that  is, 
rails  that  insure  greater  safety  in  the  track,  but  also  the  softer 
steel  makes  rails  that  give  better  wear.  And,  unless  the  conclusions 
upon  tljese  two  points  can  be  overthrown  by  an  equal  amount  of  work, 
as  carefully  and  conscientiously  done,  I  do  not  see  how  the  Penn- 
sylvania Railroad  can,  in  the  future,  do  otherwise  than  use  every  effort 
to  secure  softer  steel  in  its  rails.  And  for  this  purpose  I  can  see 
nothino-  better  than  that  for  the  future  the  rails  shall  be  bou^i^ht  on 
specifications,  and  subject  to  inspection  and  test  before  they  are  ac- 
cepted. What  specifications,  therefore,  does  it  seem  wise  to  propose? 
1st.  As  to  chemical  composition.  It  seems  to  me  that  it  would  be 
entirely  philoso})hic  to  take  as  the  specifications  for  the  chemical  com- 
position the  average  analysis  of  the  32  slower- wearing  rails  in  the 
series  we  are  studying ;  especially  as  this  analysis  confirms  the  work 
done  on  the  25  samples  of  steel  rails  in  the  first  report  to  you  on 
this  subject.     This  average  analysis  is  as  follows : 

Carbon,      .......  0  834  per  cent. 

Phosphorus, 0  077        " 

Silicon, 0.060        " 

Manganese, 0.491        " 

But,  as  was  stated  in  that  report,  the  amount  of  [)hosphorus  above 
given  is  rather  lower  than  the  manufacturers  of  steel  rails  in  this 
country  can  comfortably  work.  It  would  perhaps,  therefore,  be  wise 
to  increase  the  amount  of  })hosphorus  a  little  and  diminish  some 
of  the  other  hardeners  proportionally.  In  view  of  this  reasoning, 
therefore,  I  see  nothing  better  than  to  re-recommend  the  specifica- 
tions as  to  chemical  composition  in  our  first  report,  as  follows : 

Phosphorus,  not  above,     ......  0  10  per  cent. 

Silicon,  not  above,    .......  0.04        " 

Carbon,  between  0  25  per  cent,  and  0  35  per  cent., 

with  an  aim  at,  .......  0.30        " 

Manjjjanese,  between  0  30  per  cent,  and  0.40  per  cent., 

with  an  aim  at,  ......  0.35        " 

Sulphur  and  copper,  ......  No  specifications. _ 

2d.  As  to  physical  tests  and  inspection.  What  physical  tests  and 
inspection  shall  the  Pennsylvania  Railroad  prescribe  for  its  rails  ? 
The  inspection  which  is  now  practiced  seems  sufficient  to  exclude 
rails  whose  defects  are  evident  to  the  eye.     As  to  the  quality  of  the 
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steel  something  further  seems  to  be  needed.  Now,  a  physical  test  to 
determine  the  quality  of  the  steel  must,  in  the  first  place,  be  of  such  a 
nature  that  it  will  protect  the  consumer;  that  is,  enable  him  to  re- 
ject such  steel  as  is  not  fitted  for  the  purpose  for  which  it  is  designed 
to  use  themetal.  In  the  second  place  it  must  be  practicable;  that 
is,  it  must  not  require  too  elaborate  appliances  nor  too  much  labor 
to  make  the  test;  and  finally,  it  must  not  be  so  severe  on  the  manu- 
facturers as  to  cause  unnecesssary  hardshij)  and  loss  in  manufacturing 
the  metal.  What  physical  test  now  will  fill  these  requirements? 
The  data  which  have  been  obtained  in  the  work  done  on  the  rails  we 
have  been  studying  enable  us  to  prepare  specifications  which  will 
make  it  possible  to  use  any  one  of  these  four  .kinds  of  tests,  viz., 
torsion  test,  tensile  test,  shearing  test,  or  bending  test.  Thus  we 
could,  and  if  so  desired  will,  prepare  specifications  leaving  it  optional 
with  the  steel-rail  manufacturers  which  test  shall  be  used.  And  I 
may  be  permitted  to  say  here,  that  if  the  torsion  test  is  chosen  the 
data  of  the  slower-wearing  rails  so  strongly  confirm  the  position 
taken  in  the  first  report  to  you  on  this  subject,  that  I  do  not  see  how 
anything  else  could  be  done  than  to  re-recommend  the  specifications 
of  the  torsion  test  in  that  report. 

But  in  looking  over  the  physical  tests  of  this  series,  T  think  it  is 
plainly  evident  that  the  shearing  tests  and  the  bending  tests  bear  a 
closer  relation  to  the  loss  of  metal  per  million  tons  than  any  of  the 
other  tests.  It  is  true  that  there  are  some  anomalous  cases  even  in 
these  tests;  some  cases  that  do  not  exactly  fall  into  line.  In  the 
case  of  the  bending  tests  this  may  in  part,  perhajis,  be  accounted  for 
by  the  fact  that  these  tests  were  made  on  sam|)lcs  (!ut  from  the  web 
of  the  rail  instead  of  from  the  head,  where  the  wear  took  place. 
Mr.  Cloud  has  found  by  a  series  of  companion  tests,  made  from 
samples  cut  from  the  head  and  web  of  the  same  rails,  that  the  ]^hysi- 
cal  qualities  of  the  metal  in  the  head  differ  somewhat  from  that  in 
the  web,  and,  as  has  just  been  said,  this  may  to  a  certain  extent  ex- 
plain some  of  the  anomalous  cases  in  the  series  of  bending  tests. 
This  closer  agreement,  however,  between  wear  and  the  physical 
qualities  of  metals  which  are  measured  by  shearing  and  bending, 
suggests  that,  perhaps,  a  shearing  or  bending  test  would  be  the  best 
one  to  apply.  And  here  I  would  like  to  express  my  judgment  that 
the  test  suggested  by  Mr.  J.  T.  Smith,  General  Manager  of  the 
Barrow  Hematite  Steel  Works,  several  years  ago,  is,  all  things  con- 
sidered, the  best  physical  test  ever  proposed  for  the  examination  of 
steel  rails.     Mr.  Smith   proposed  that  the  fish-plate  holes  should  be 
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panelled  by  a  registering  press,  and  that  the  quality  of  the  steel 
s'.iould  be  judged  by  the  pressure  required  to  punch  these  holes. 
With  the  proper  specifications  as  to  the  upper  and  lower  limit  of  the 
punching  strain,  both  steel  that  was  too  hard  and  steel  that  was 
worthless,  from  being  spoiled  in  manufacture,  could  be  rejected. 
And,  still  further,  this  punching  test  would  be  a  shearing  strain, 
and,  at  the  same  time,  would  enable  a  judgment  to  be  formed  of  the 
quality  of  the  steel  in  every  rail.  A  slight  reaming  of  the  holes 
after  they  were  punched  would  remove  the  ring  of  metal  injuriously 
affected  by  the  punch,  and  leave  the  rails  uninjured  as  to  strength 
at  the  fish-plate  holes.  Unfortunately,  however,  with  present  appli- 
ances the  puncjhing  test  seems  to  be  impracticable. 

It  would  })erhaps,  therefore,  be  best  to  -apply  a  bending  test, 
especially  if  our  analysis  of  the  strain  applied  to  the  infinitesimal 
teeth  of  the  rail  in  rolling  friction  Is  a  correct  one.  It  will  be 
remembered  that  the  theoretical  considerations  of  what  takes  place 
in  wear  seems  to  plainly  indicate  that  the  strain  applied  to  the 
minute  elevations  on  the  rail  is  a  bending  strain.  If  this  is  true, 
there  could  be  no  better  test  of  the  quality  of  steel  to  resist  wear 
than  a  bending  test. 

IS^ow  there  are  four  ways  in  which  a  bending  test  could  be  applied. 

1st.  The  drop  test.  This  test  is  in  good  use  in  England  at  the 
present  time  to  determine  the  quality  of  steel  f)r  rails.  But  the 
disposition  in  this  country,  so  far  as  my  knowledge  goes,  seems  to 
be  to  regard  it  as  a  somewhat  crude  test,  and  it  is,  therefore,  being 
laid  aside  in  favor  of  more  accurate  modes  of  testing. 

2d.  A  piece  of  steel  hammered  out  from  a  crop-end  could  be  bent 
under  a  steam-hammer.  This  test  was  in  use  on  the  Pennsylvania 
Railroad  for  some  time  to  determine  the  quality  of  the  steel,  but  its 
crudity,  and  the  fact  that  the  metal  was  manipulated  after  It  had 
been  rolled,  and  thus  did  not  represent  the  steel  in  the  rails,  seem  to 
me  very  justly  to  have  led  to  its  abandonment. 

3d.  A  crop-end  or  piece  of  the  rail  just  as  it  was  rolled  may  be 
bent  in  a  testing-machine.  With  proper  specifications  this  test 
would  undoubtedly  give  entirely  satisfactory  results.  With  a  proper 
upper  limit  as  to  the  maximum  load  required  to  bend  the  rail,  steel 
that  was  too  hard  could  be  rejected,  and,  with  proper  specifications 
as  to  the  amount  of  deflection  the  steel  should  stand  before  rupture, 
steel  that  was  worthless  from  being  spoiled  in  manufacture  could 
likewise  be  rejected,  and  thus  only  good  material  be  received.  We 
would  be  glad  to  prepare  specifications  for  this  test  if  desired. 
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4tli.  A  test-piece  cut  from  tlie  rail  could  be  bent  in  the  testing- 
machine.     This  test  would    undoubtedly  likewise  give  us  entirely 
satisfactory  results.     And  for  this  test  we  have  the  data  already  at 
liand   from    which    to   prepare  specifications.     One   or  two  things, 
liowever,  should  be  borne  in  mind:   1st.  The  tendency  of  the  steel- 
rail   manufacturers  in  this  country  at  the  present  time  is  to  make 
I       steel  much  harder  than  is  desirable,  if  our  conclusions  as  to  the  wear- 
1       ing  quality  of  steel  are  correct.     This  tendency  must  of  course  be 
r       recognized  in  preparing  the  specifications.     And,  in   my  judgment, 
this  tendency  will  best  be   met  by  assigning  an   upper  limit  to  tlie 

maximum   load  in  the  bending  test.     2d.   While  our  desire  is  to 
« 

/     secure  softer  steel  for  rails,  it  must  be  remembered  that  steel  may  be 

so  manipulated   in    manufacture  as   to   render   it   very    inferior   in 

quality.     Our  specifications  must  therefore  enable  us  to  reject  such 

worthless  steel.     This,  I  think  can  be  successfully  accomplished  by 

i    requiring  the  test-pieces  to  bend  to  a  certain  angle  before  rupture, 

(        I   would    therefore   recommend  that  for  all   steel   rails  received 

'     by  the   Pennsylvania  Railroad   Company  in   future  the   following 

J    bending  test   be  prescribed:  The  test-pieces  shall  be  cut  from  the 

web  of  the  rail  and  shall  be   12  inches  long,  1 J  inch  wide,  and  J 

inch  thick.     These  pieces  shall  be  tested  in  the  manner  prescribed 

J        in  the   preceding  part  of  this  report,  and   on  all  steel  accepted  these 

r         test-pieces  shall  stand  a  maximum  load  of  not  over  3000  pounds, 

and  shall  bend  not  less  than  130°  without  rupture. 

It  giv^es  me  pleasure  to  make  acknowledgments  for  services  ren- 
dered to  those  who  have  assisted  in  this  investio^ation.  Mr.  J.  W. 
Cloud,  engineer  of  tests,  has  had  charge  of  the  physical  tests  and 
measurements,  and  has  either  made  them  himself  or  had  them  made- 
under  his  supervision.  He  has  also  from  time  to  time  made  sug- 
gestions and  contributed  to  the  development  of  the  ideas  that  have- 
been  worked  out  during  the  investigation  in  so  many  instances  that 
it  would  be  difficult  to  enumerate  them.  Mr.  A.  0.  Dayton,  assist- 
ant engineer  of  tests,  made  all  the  measurements  with  the  planime- 
ter,  and  likewise  assisted  in  making  the  physical  tests.  ]Mr.  H.  L. 
Wells,  at  present  chemist  of  the  Colorado  Iron  and  Coal  Company, 
Pueblo,  Colorado,  did  a  considerable  portion  of  the  chemical  work. 
The  phosphorus  and  manganese  w^ere  principally  determined  by  him. 
The  silicon  was  determined  by  Mr.  Wells  and  myself  working  to- 
gether. The  carbon  was  determined  by  myself.  The  services  of 
my  assistant,   Mr.  Theo.  J.  Lewis,  have  been  almost  invaluable  in 
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every  part  of  the  investigation.  His  patience,  industry,  and  careful 
attention  to  details  can  only  be  appreciated  by  those  who  know  how 
laborious  has  been  the  work  of  collectiua:  and  workino;  out  into  its 
present  form  the  information  herevvith  presented. 

Very  truly  yours, 

Charles  B.  Dudley, 

Chemist. 
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BY  A.    L.    nOLLEY,    C.E.,   LL.D.,    NEW  YORK   CITY. 

There  are  regularly  manufactured  in  the  eleven  Bessemer  steel 
rail  mills  of  the  United  States,  119  patterns*  of  steel  rails,  of  27 
different  weights  per  yard.  This  list  does  not  include  patterns  which, 
although  still  largely  in  use,  are  regarded  by  experts  as  obsolete,  and 
which  would  swell  the  number  to  nearly  300;  nor  does  it  include 
all  the  })atterns  for  which  rolls  are  kept  on  hand  to  fill  a  possible 
demand;  nor  does  it  include  extra  patterns  rolled  in  one  finishing 
groove  by  opening  or  closing  the  rolls  so  as  to  get  different  weights 
with  the  same  contours.  The  list  embraces  only  those  separate  pat- 
terns which  are  subject  to  current  orders. 

How  thoroughly  modern  these  patterns  are,  is  shown  by  the  fact 
that  of  the  whole  1 19,  there  are  but  five  patterns  of  conspicuously  bad 
shape;  all  the  rest  more  or  less  completely  illustrate  the  standard 
features, —  a  heavy  head,  light  web  and  flanges,  and  a  good  angle  to 
hold  the  fish-plate.  Sixty-two  per  cent,  of  the  patterns  have  the 
"Chanute''  head,  which  was  not  designed  until  1874. f  Sixty-four  per 
cent,  of  the  119  patterns  are  embraced  under  five  weights  per  yard; 
three  only  of  these  vary  from  standard  type;  there  are  thus  76 
patterns,  all  of  them  modern  and  standard,  to  represent  five  different 
weights,  for  wdiich  five  patterns  would  perfectly  answer.  Of  the  60- 
Ib.  rails,  there  is  only  one  of  the  pear-head  ty[)e,  while  a  dozen  of 
the  bevelled  head  templets  cannot  be  distinguished  from  each  other 

*  From  all  the  works  188  patterns  were  sent  to  me  as  standard.  Of  these  I 
found  119  differt-nt  shapes  and  69  duplicates, 

J  Since  this  paper  was  read  I  have  seen  at  the  Bethlehem  Iron  Works  tlie  temp- 
let of  a  68- pound  Lehigh  Valley  rail,  with  the  bevelled  head,  usually  called  the 
"Chanute"  head,  and  marked  **  Temi)let  of  1872."  This  is  shown  on  Plate  If.  I 
learn  that  iron  rails,  with  bevelled  heads,  were  rolled  at  Bethlehem  prior  to  1870. 
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28.1 

.28157    . 

=        *9' 

11  yrs.    2  mos. 

" 

5 

21.12 

64.49 

57.18 

7.31 

52,370,617 

.1C96 

3.24 

11.65 

1.25 

32.43 

82,000 

36,000 

18 

80,000 

32,000 

17 

59,500 

.0800 

2S00 

170° 

.431 

.049 

.046 

.582 

33.2 

.28186    : 

=        912 

Gyrs. 

South. 

6 

05.04 

68.29 

59.78 

8..51 

47,438,145 

.1794 

3.45 

11.74 

1.31 

33.98 

91,000 

38,000 

10 

88,000 

50,000 

12 

61,500 

.0750 

3750 

103" 

.401 

.083 

.050 

.816 

40.8 

.28157 

907 

4  yrs.  10  mos. 

North. 

5 

-i7.52 

65.71 

59.72 

5.99 

24,211,147 

.2474 

3..53 

13.04 

1.33 

38.82 

90,000 

40,000 

21 

86,000 

44,000 

20 

62,000 

.0850 

3580 

101° 

.350 

.102 

.124 

.748 

43.1 

.28200 

k 

903 

2  yrs.  11  mos. 

South. 

5 

SD.60 

68.28 

61.39 

6.89 

21,504,824 

.3204 

2.57 

7.36 

1.04 

16.10 

71,000 

34,000 

9 

69,000 

34,000 

12 

55,500 

.0975 

2SO0 

190° 

.355 

.108 



.029 

.490 

33.8 

.28114 

73,00( 
74,00( 
74,00( 
90,00| 
90,00i 


I    87,0C 
!;    76,0C 


rrnnsactions  of  the  American  Institute  of  Mining  Engineers.     Vol.  IX. 


COMPARATIVE    DATA. 


Dudley. -Plate  7 


WEIGHTS  PEB 

rABD. 

TOHSION 

x^xs. 

TENSILE  TESTS. 

SHEABINO  TESTS. 

BENDlNa 

ttma. 

CHEMICAL  / 

HALYSES. 

UHANNEALEE 

ANNEALED. 

Degree 
of 

Origi- 
nal. 

Present. 

Loss. 

Touuaye. 

Losspe 
nnllion 

Height  of 
diagram. 

Length  of 
diagram. 

Elastic 

Area  of 
diagram. 

j  Shearing 
1     stress. 

Detru- 
sion. 

Maximum 
load. 

Deflec- 
tion. 

Carbon. 

Pho^ 
phoms. 

Silicon. 

Mni- 

ganeae. 

PboiplKinn 
oniu. 

Servkx;         '  Xo.  '   Tii.R.  of  service.  '   Track. 

Tensile 
strength. 

Elastic 
limit. 

Elonga 
tion. 

Tensile 
strength. 

1 

Elastic 
limit. 

Elonga- 
tion. 

Denritr 

917 

6  yrs.                1  North. 

(i7.14 

'      66.94 

0.20 

31,127,829 

.0064 

3..59 

11.86 

1.45 

36.34 

93,000 

42,000 

19 

89,000 

45,000 

18 

65,001) 

.0^0 

2930 

13' 

.423 

.127 

.083 

.708 

4.5.1 

.28186 

919 

10  yrs.    6  mos.    North. 

55.61 

.65.10 

0.51 

61,720.011 

.0098 

2.72 

17.22 

1.07 

39.20 

64,000 

32,000 

24 

62,000 

30,000 

25 

51,500 

.1025 

2270 

190'' 

.247 

.041 

.023 

3A\ 

20,3 

.28243 

918 

10  yrs.    6  mo.'i.  j  North. 

55.91 

55.20 

0.71 

51,720,011 

.0137 

2.89 

17.92 

1.21 

43.29 

70,000 

34,000 

20 

69,000 

35,000 

24 

54,500 

.095 

2520 

190° 

.219 

.061 

.181 

.376 

29.9 

.■2820U 

915 

6  yrs.    1  mo.      North. 

64.91 

64.40 

0.51 

31,514,889 

.0162 

2.21 

7.75 

1.01 

15.17 

71,000 

34,000 

4 

62,000 

25,000 

4 

60,000 

.0775 

3030 

184=' 

.368 

.113 

.026 

.714 

39.2 

.28100 

926 

9  yrs.    3  mos.  [  South. 

Ii4.96 

63.43 

1.53 

76,409.123 

.0200 

3.05 

16.97 

1.22 

42.66 

73,000 

40,000 

26 

71,000 

36,000 

24 

.55,500 

.100 

2680 

190° 

.211 

.145 

.033 

.352 

30.2 

.28271 

913 

9  yrs.    4  mos.  i  North. 

IJ5.52 

64.51 

1.01 

45,855,101 

.0220 

3.13 

12.18 

1.16 

32.211 

72,000 

39,000 

7 

76,000 

35,000 

18 

58,000 

.090 

2630 

190° 

.335 

.102 

036 

..508 

33.4 

.28143 

5 

927 

9  VR.    3  mos. 

South. 

64.[)8 

63.25 

1.73 

76,409,123 

.0226 

3.07 

19.01 

1.55 

48.91 

72,000 

40,000 

26 

71,000 

35,000 

24 

58,500 

.0975 

2710 

190° 

.187 

.1.31 

.049 

320 

28.1 

.28214 

3 

914 

9  yrs.    4  mos. 

North. 

64.78 

63.46 

[ 

1.32 

45,855,101 

.0288 

2.60 

10.80 

.97 

23.28 

64,000 

32,000 

14 

64,000 

30,000 

17 

52,000 

.100 

2530 

190° 

.270 

.108 

.015 

.322 

26.9 

.28157 

928 

5  yrs. 

South. 

6(i.25 

64.93 

1.32 

43,610,150 

.0303 

2.98 

3.37 

1.32 

8.29 

60,000 

44,000 

1 

68,000 

50,000 

2 

66,000 

.080 

3190 

173° 

.428 

.142 

.042 

.564 

41.9 

.28214 

g            yaohlyi^.    7mos. 

North. 

67.61 

65.78 

1.83 

52,991,684 

.0345 

2.95 

18.27 

1.00 

43.99 

69,000 

32,000 

25 

68,000 

25,000 

24 

53,500 

.100 

2630 

190- 

293 

.063 

.039 

.326 

24.6 

.28200 

■924 

4  yrs.    1  mo. 

South. 

68.31 

66.79 

1.52     36,349,989 

.0418 

3.67 

12.64 

1.37 

39.71 

93,000 

39,000 

20 

9'J,000 

36,000 

18 

66,000 

.100 

3550 

111'- 

.888 

.123 

.059 

.806 

44.2 

.28229 

916 

6  yrs. 

North. 

67.25 

65.83 

1.42     31,127,829 

.0466 

3.18 

10.67 

1.25 

28.47 

83,000 

39,000 

17 

81,000 

40,000 

18 

60,500 

.0875 

30 10 

164i° 

.329 

.132 

.044 

.5.54 

37.5 

.28171 

925 

4  yrs.    1  mo. 

South. 

68.30 

66.63 

1.73     36,349,989 

.0476 

3.70 

14.95 

1.36 

47.58 

92,000 

40,000 

13 

90,000 

40,000 

18 

66,.50O 

.095 

3980 

73° 

.389 

.109 

.069 

.824 

43.8 

.28243 

922 

5  yrs.    4  mos. 

North. 

69.04 

67.01 

2.03   1  27,622,230 

.0735 

3.74 

12.57 

1.37 

39.97 

94,000 

39,000 

19 

91,000 

35,000 

17 

66,500 

.090 

3760 

80° 

.428 

.109 

.038 

.870 

44.7 

28243 

923 

6  yrs.    1  mo. 

North 

68.58 

65.66 

2.92 

31,514,889 

.0926 

2.21 

4.55 

1.08 

10.59 

64,000 

34,000 

3 

54,000 

34,000 

2 

64,500 

.085 

3360 

155° 

.452 

.144 

.037 

.708 

45.5 

.27943 

921 

5  yrs.    4  mos. 

North. 

67.23 

64.18 

3.05 

27,622,230 

.1104 

3.34 

11.68 

1.20 

33.19 

84,000 

37,000 

18 

82,000 

36,000 

16 

65,000 

.090 

3310 

172° 

.340 

.096 

.042 

.746 

37.9 

.2X257 

9.32 

10  yrs.    6mo,s. 

North. 

3 

51).  17 

54.95 

1.22     51,720,011 

.0236 

2.92 

16.53 

1.09 

39.40 

69,000 

34,000 

20 

70,000 

35,000 

23 

57,000 

.100 

2340 

190° 

.269 

.047 

.026 

.372 

22.4 

.28286 

9.37 

3  yrs.    4  mos. 

South. 

2 

6C.77 

65.96 

0.81   '29,90.5,122 

.0271 

3.00 

4.84 

1.34 

12.12 

68,000 

38,000 

2 

68,000 

36,000 

3 

68,500 

.085 

3220 

168° 

.-154 

.145 

.015 

.726 

44.8 

.28129 

■2 

936 

12  yrs.    9  mos. 

South. 

2 

6.S.02 

<i5.17 

2.85     92,025,478 

.0309 

3.01 

15.56 

1.05 

.  38.72 

72,000 

34,000 

23 

70,000 

26,000 

22 

53,600 

.1025 

2790 

190° 

.353 

.039 

.035 

.318 

23.8 

.28259 

I 

930 

11  yrs.    7  mos. 

North.  1 

2^ 

6(j.38 

64.65 

1.73     52,991,684 

.0327 

3.03 

14.77 

1.04 

36.94 

73,000 

31,000 

23 

70,000 

25,000 

22 

53,500 

.1000 

2820 

190° 

.394 

.035 

.038 

.288 

24.3 

.28286 

s 

934 

9  yrs.    8  mos. 

South.  ' 

3} 

67.14 

64.09 

3.05      78,364,968 

.0389 

2.95 

13.89 

1.26 

34.43 

74,000 

39,000 

22 

74,000 

35,000 

22 

61,000 

.1025 

2950 

190° 

.187 

.144 

.045 

.252 

27.8 

.28214 

94j 

6yr.«.    3  mos. 

South. 

2 

66.84 

64.30 

2.54 

55,127,464 

.0461 

3.04 

16.05 

1.10 

41.08 

74,000 

34,000 

24 

71,000 

38,000 

24 

55,500 

.100 

2780 

159i° 

.314 

.061 

.025 

.602 

29.8 

.28214 

939 

4  yrs.    2  mos. 

South,  j 

4 

68.11 

65.27    i 

2.84 

37,150,179 

.0764 

3.76 

7.63 

1.47 

24.51 

90,000 

40,000 

3 

95,000 

41,000 

6 

72,000 

.090 

3350 

20° 

.579 

.115 

.036 

.718 

47.0 

.28171 

d 

942 

4  yrs.  10  mos. 

South. 

3 

67.1)3 

02.67 

5.26 

42,277,638 

.1244 

3.52 

5.38 

1.60 

15.48    ; 

90,000 

48,000 

2 

64,000 

40,000 

1 

64,500 

.0575 

3240 

108  J  " 

.497 

.130 

.1  02 

.724 

47.8 

.28143 

a 

935 

12  yi-s.    9  mos. 

South. 

2 

68.19 

64.93 

3.26 

92,025,478 

.0354 

3.30 

11.80 

1.14 

32.70 

86,000 

39,noo 

10 

82,000 

30,000 

20 

64,000 

.095 

3130 

142J° 

.460 

.045 

.059 

.406 

30.2 

.28259 

929 

11  yrs.    7  mos. 

North. 

2i 

68.89 

66.45 

2.44 

52,991,684 

.0460 

2.89 

16.28 

1.18 

39.95  . 

69,000 

36,000 

24 

70,000 

35,000 

24 

55,500 

.1126 

2750 

190° 

.235 

.055 

.080 

.300 

23.3 

.28259 

933      Syre.    8  mos. 

South. 

3i 

67.61 

63.15 

4.46 

78,364,968 

.0569 

3.16 

8.19 

1.20 

21.91 

82,000 

38,000 

5 

67,000 

35,000 

3 

65,000 

.085 

3180 

186° 

.376 

.087 

.054 

.558 

35.1 

.28143 

s   '^-''^i 

6  yrs.    3  mos. 

South. 

2 

66.72 

63.47 

3.25 

55,127,464 

.0589 

3.00 

6.78    '■ 

1.24 

16.68 

75,000 

34,000 

4 

78,000 

33,000 

8 

61,500 

.095 

3040 

105° 

.441 

.057 

.035 

.702 

36.1 

.28214 

B 

2 

931 

10  yrs.    0  mos. 

North. 

3 

67.09 

52.61 

4.48 

51,720,011 

.0866 

2.81 

17.70 : 

1.10 

42.24 

66,000 

34,000 

24 

64,000 

27,000 

24 

52,000 

.110 

2430 

190° 

.260 

.047 

.029 

.416 

23.1 

.28-229   ! 

5 

938 

3  yrs.    4  mos. 

South. 

2 

68.70 

64.85 

3.85 

29,905,122 

.1287 

3.06 

12.16 

1.02 

29.53    \ 

79,000 

36,000 

16 

77,000 

35,000 

16 

59,500 

.0925 

2950 

146° 

.343 

.115 

.035 

.594 

37.5 

.28143 

941  1 

4  yrs.  10  mos. 

South. 

3 

66.92 

60.83 

6.09 

42,277,638 

.1440 

3.43 

13.88 

1.25 

40.30 

87,000 

39,000 

19 

83,000 

37,000 

16 

63,500 

.095 

3290 

112° 

.404 

.111 

.065 

.716 

42.1 

.28186 

- 

940 

4  yrs.    2  mos. 

South. 

4 

68.17 

61.77 

6.40 

37,150,179 

.1723 

3.80 

5.38 

1.62 

16.73 

76,000 

52,000 

1 

80,000 

44,000 

2 

77,500 

.0725 

3220 

171° 

.548 

.127 

.046  \ 

.680 

469 

.28214 

AGES. 

y.— Plate  8. 

TENSILE 

TESTS. 

UNANNEALED. 

A 

^ 

7~\              •  J 

le 
til. 

Elastic 
limit. 

Elonga- 
tion. 

Tensile 
strength. 

iphorufe 
lits. 

Density. 

^5 

37,625 

19.6 

78,250 

4.8 

.28184 

)0 

36,625 

15.6 

77,375 

7.9 

.28141 

)0 

32,250 

22.5 

70,750 

5.7 

.28225 

)0 

38,250 

11.5 

74,000 

2.0 

.28121 

)0 

36,500 

12.8 

73,750 

1.3 

.28175 

)0 

37,000 

14.5 

80,750 

1.1 

.28164 

lb 

36,625 

17.5 

70,500 

1.6 

.28189 

lb 

38,000 

14.5 

78,000 

).0 

.28187 

)0 

34,250 

17. 

69,500 

;.8 

.28240 

)0 

40,250 

12.7 

76,000 

a 

.28185 

)a 

36,750 

lu.7 

74,250 

.2 

.28219 

)0 

40,250 

15. 

76,000 

.4 

.28193 

t2 

35,833 

18.9 

72,958 

.4 

.28201 

57 

37,958 

14.1 

76,792 

.3 

.28160 

lb 

36,625 

11.7 

74,000 

.2 

.28197 

1 

)0 

38,625 

14.7 

78,375 

5 

.28178 

^5 

36,031 

17.1 

73,219 

3 

.28201 

58 

38,125 

14.2 

77,188  . 

9 

.28165 

r 
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ol.  IX. 

AVERAGES. 

Dudley.— Plate  8. 

Xuraber  ol 
rails  in 
average. 

Loss  per 
miUion 
tons. 

Grade. 

Degree 
of 

TORSION 

TESTS. 

TENSILE  TESra. 

SHEARING  TESTS. 

BENDING 

TESTS. 

CHE.MICAL  ANALYSES. 

Xnmber 
of  line. 

UMAHKEALED. 

ANNEALED. 

DESCRIPTION   OF  AVERAGES 

Height  of 
diagram. 

Length  of 
diagram. 

Elastic 
limit. 

Area  of 
diagram. 

Tensile 
strengtii. 

Elastic 
limit. 

Elonga- 
tion. 

Tensile 
strength. 

Elastic 
limit. 

Elonga- 

Shearing 

Detru- 

Maximum 
load. 

Deflec- 
tion. 

Carbon 

Phos- 
phorns 

Silicon 

Man- 
ganese. 

Pho6['!iuriis 

Density. 

1 

8 

<-natli;  tangent,  slower  wearing. 

.0540 

79.0U 

3.18 

14.92 

1.15 

38.84 

79,625 

37,625 

19.6 

78,250 

35,750 

20.5 

56,962 

.0959 

3014 

147° 

.324 

.076 

.102 

.562 

34.8 

.28184 

2 

8 

Grade  tangent,  faster  wearing. 

.0861 

50.49 

3.29 

11.62 

1.28 

32.15 

81,250 

36,625 

15.6 

77,375 

37,125 

14.7 

60,500 

.0800 

3320 

133° 

.379 

.095 

.051 

.669 

37.9 

.28141 

3 

4 

Grade  curve,  low  side,  slower  wearing. 

.0553 

32.34 

5° 

2.89 

15.66 

1.06 

37.40 

72.750 

32,2.i0 

22.5 

70,750 

29,250 

22. 

53,375 

.0919 

2765 

188° 

.308 

.0.54 

.045 

.439 

26.7 

.28225 

4 

Grade  curve,  low  side,  faster  wearing. 

.1049 

78.54 

ir 

3.25 

9.25 

1.25 

24.13 

76,750 

38,250 

11.5 

74,000 

30,500 

9.5 

61,250 

.07H7 

3145 

174° 

.438 

.127 

.031 

.656 

42.0 

.28121 

0 

4 

Grade  curve,  high  side,  slower  wearing. 

.1291 

50.82 

iv 

2.85 

11.10 

1.20 

28.08  . 

75,750 

36,500 

12.8 

73,750 

34,000 

15.2 

59,625 

.0837 

2860 

126° 

.405 

.072 

.035 

.542 

31.3 

.28175 

6 

4 

Grade  curve,  high  side,  faster  wearing. 

.2217 

50.82 

5° 

3.20 

10.95 

1.23 

30.33 

83,500 

37,000 

14.5 

80,750 

40,000 

15.2 

59,625 

.0844 

3247 

141° 

.384 

.085 

.064 

.659 

37.7 

.28164 

7 

8 

Level  tangent,  slower  wearing. 

.0174 

2.91 

14.22 

1.20 

35.12 

72,375 

36,625 

17.5 

70,500 

33,875 

19.2 

56,875 

.0928 

2662 

167° 

.282 

.104 

.056 

.455 

31.6 

.28189 

8 

8 

Level  tangent,  faster  wearing. 

.0595 

3.22 

11.09 

1.24 

31.47 

79,875 

38,000 

14.5 

78,000 

36,875 

14.4 

63,562 

.0909 

3349 

138° 

.381 

.115 

.046 

.675 

40.0 

.28187 

9 

4 

Level  curve,  low  side,  slower  wearing. 

.0286 

2jV 

2.99 

12.92 

1.13 

31.79 

70,.500 

34,250 

17. 

69,500 

30,500 

17.5 

58.125 

.0969 

2792 

184° 

.367 

.066 

.02H 

.426 

28.8 

.28240 

10 

4 

Level  curve,  low  side,  faster  wearing. 

.0715 

u° 

3.32 

10.74 

1.36 

28.87 

82,000 

40,250 

12.7 

76,000 

38,500 

13.2 

63,250 

.0875 

3080 

119° 

.394 

.114 

.042 

.574 

3f'.l 

.28185 

11 

4 

Level  curve,  liigh  side,  slower  wearing. 

.0493 

hV 

3.09 

10.76 

1.19 

27.81 

78,000 

36,750 

10.7 

74,250 

33,250 

13.7 

61,500 

.0969 

3025 

150° 

.378 

.061 

.057 

.491 

31.2 

.28219 

12 

4 

Level  curve,  high  side,  faster  wearing. 

.1329 

3" 

3.28 

12.28 

1.25 

32.2(1 

77,000 

40,250 

15. 

76,000 

35,750 

14.5 

63,125 

.0925 

2972 

116° 

.388 

.100 

.044 

.601 

37.4 

.28193 

13 

24 

Tangents  and  low  sides  curves,  slower  wearing. 

.0378 

3.01 

14.48 

1.15 

36.19 

74,.542 

35,833 

18.9 

72,958 

33,167 

19.8 

56,529 

.0943 

2818 

167° 

.314 

.080 

.065 

.483 

31.4 

.28201 

14 

24 

Tangents  and  low  sides  curves,  faster  wearing. 

.0779 

3.27 

10.90 

1.28 

3U.04 

80.107 

37,95« 

14.1 

76,792 

36,167 

13.5 

62,104 

.0847 

3260 

140° 

.392 

.110 

.044 

.653 

39.3 

.28160 

15 

8 

High  sides  of  curves,  slower  wearing. 

.0892 

2.97 

10  93 

1.19 

27.94 

76,875 

36,625 

11.7 

74,000 

33,625 

14.4 

60,562 

.0903 

2942 

138° 

.391 

.066 

.046 

.516 

31.2 

.28197 

16 

8 

High  sides  of  curves,  faster  wearing. 

.1773 

3.24 

11.61 

1.24 

31.27 

80,250 

38,625 

147 

78,375 

37,875 

14.8 

61,375 

.0884 

3109 

128° 

.386 

.092 

.054 

.630 

37.5      ; 

.28178 

17 

32 

All  conditions,  slower  wearing. 

.0506 

3.00 

13.59 

1.16 

34.13 

75,1:;5 

36,031 

17.1 

73,219 

33,281 

18.5 

57,537 

.0933 

2878 

160° 

.334 ; 

.077 

.060 

.491 

31.3 

.28201 

18 

32 

All  conditions,  fa.ster  wearing. 

.1028 

3.26 

11.08 

1.27 

30.35 

80,188 

38,125 

14.2 

77,188 

36,594 

13.8 

61,922 

.0856 

3222 

133° 

.390 

.106 

.047 

.647 

38.0 

.28165  j 
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except  by  laying  them  togetlier;  and  yet  no  less  than  30  ])atterns 
are  in  current  use  for  the  60-lb.  weight,  wliicli  is  obviously  29  pat- 
terns too  many.  Table  I  gives  particulars  of  the  119  standard 
patterns. 

The  object  of  this  paper  is  1st,  to  show  that  while  this  multiplica- 
tion of  rail  patterns  is  an  annoyance  and  an  expense  to  rail-makers, 
it  is  a  source  of  immense  loss  to  railway  com[)anies;  2d,  to  review  the 
suggestions  of  experiment  and  practice  regarding  the  shape  of  steel 
rails,  and  to  suggest  a  method  for  the  adoption  of  the  few  standard 
patterns  which  are  necessary. 

First. — The  cost  of  a  set  of  three-high  finishing  rolls  for  steel  rails, 
with  guides  and  guards  fitted,  averages  about  $1500.  The  number 
of  sets  of  rolls  in  use  at  the  eleven  mills  to  produce  the  119  })atterns 
— several  mills  making  the  sauie  patterns — is  188,  and  their  cost 
was  about  $282,000  or  nearly  nineteen  times  as  much  as  it  would 
have  been  for  the  maximum  requirement  often  patterns.  But  this  does 
not  give  an  adequate  idea  of  the  expenseof  multiplying  patterns.  New 
sections  are  constantly  brought  out  by  railway  companies,  and  as  most 
of  the  119  are  recent,  it  is  safe  to  suppose  that  this  process  of  multi- 
plication will  naturally  go  on.  Again,  each  of  the  mills  rolls  many 
of  the  same  patterns,  sometimes  for  the  same  roads.  It  is  not  proba- 
ble that  all  the  mills  will  be  called  on  to  roll  all  the  patterns,  but  it 
is  not  improbable,  if  this  system  continues,  that  each  mill  will  be 
called  on  to  roll  a  large  number  of  them.  One  of  the  mills  already 
rolls  29,  another  25,  and  three  of  them  roll  21  each  of  the  119  mod- 
ern patterns.  If  the  mills  average  even  30  patterns  each,  the  330 
sets  of  rolls  required  will  have  cost  half  a  million  of  money. 

The  cost  of  changing  rolls  is  a  much  more  serious  expense  than 
the  cost  of  rolls.  The  time  of  changing  rolls  varies  in  different  mills, 
but  it  probably  averages  about  2J  hours,  or  the  time  required  to  roll 
say  35  tons  of  rails.  The  number  of  changes  made  also  varies  very 
much.  Rolls  that  do  a  fair  week's  work,  say  2000  tons,  without 
dressing,  may  be  replaced  by  rolls  of  another  pattern,  on  Sunday, 
without  loss  of  time  ;  but  the  great  majority  of  orders  are  not  for  2000 
tons  ;  they  are  more  often  for  500  tons  and  sometimes  for  100  tons. 
One  mill  had  to  change  rolls  as  many  as  four  times  a  week,  for  some 
months,  and  I  presume  this  is  not  an  unusual  experience.  Were  each 
of  the  eleven  mills  obliged  to  change  rolls  and  patterns  only  once 
during  the  week,  not  including  Sunday  changes,  they  would  together 
lose,  at  the  reasonable  profit  of  $5  per  ton  on  rails,  and  allowing  the 
usual  stoppages  for  repairs,  above  §90,000  per  year. 
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The  looking  after  and  keepinor  up  of  so  many  patterns  of  rolls, 
and  the  innumerable  varieties  of  drillino;  and  slottin":,  involve  extra 
men  and  expense;  but  they  are  chiefly  deprecated  by  rail-makers  as 
an  annoyance  rather  than  as  a  direct  expense.  With  all  the  care 
that  must  be  taken  in  laro-e  org-anizations,  mistakes  and  misunder- 
standings  about  them  will  constantly  arise  between  makers  and  users, 
when  each  customer  wants  a  different  rail,  different  variations  in 
standard  length,  different  percentages  of  short  rails,  different  sized 
fish-holes,  different  pitch  of  fish-holes,  different  patterns  of  fish-plates, 
different  length  of  fish-})lates,  different  slotting,  different  bolts,  dif- 
ferent tests,  different  everything. 

Second. — The  cost  to  railway  companies  of  multiplying  patterns 
is  far  more  serious,  chiefly  in  one  direction, — it  prevents  rail-makers 
from  keeping  standard  rails  in  stock.  If  rail-makers  could  roll  and 
stock  standard  patterns,  svhen  special  orders  were  slack,  they  could 
j^revent  the  excessive  rise  in  prices,  which  the  scarcity  of  rail's  from 
time  to  time  creates.  It  cannot  be  denied,  after  the  unvarying  ex- 
periences, that  many  railway  managers  do  not  buy  largely  when  rails 
ai'c  cheap;  they  put  off  and  put  off  ordering  their  full  supplies, 
hoping  for  lower  rates,  until  the  necessities  of  the  track  can  be  post- 
poned no  longer.  Just  at  this  time  a  hundred  other  roads  are  in 
the  same  condition — they  are  all  pinched  together — and  off  they  all 
rush  to  the  rail-mills  to  get  first  served,  and  up  go  the  prices  of  rails 
$40  or  §50  i)er  ton. 

The  difference  between  theaverage  minimum  and  the  average  maxi- 
mum prices  of  rails  on  the  books  of  one  steel  company  was  $43.50 
per  ton  in  nine  months.  It  is  probable  that  200,000  tons  of  rails 
could  have  been  added  to  the  product  of  the  eleven  Bessemer  steel 
mills  during  the  year  prior  to  the  ra})id  rise  in  prices.  When  the 
railway  com})aniesdid  buy  the  200,000  tons,  they  paid  an  advance  of 
§30  to  $40  per  ton.  If  these  rails  had  been  in  stock  when  the  de- 
mand came,  the  simultaneous  wants  of  a  large  number  of  roads  could 
have  been  met  without  much  increasing  the  price.  Supposing  the 
price  to  have  been  only  $10  less  than  the  average  high  rates,  the 
saving  to  railway  companies  would  have  amounted  to  the  respectable 
sum  of  $2,000,000.  Ancl  the  rail-makers  would  have  been  better  off, 
too,  because  they  would  have  got  fair  prices  for  their  whole  product. 
High  prices  at  one  end  of  the  year  did  not  compensate  for  the  ex- 
cessively low  prices  at  the  other  end,  because  when  rails  were  dear, 
pig  iron  and  labor  w^re  equally  dear. 

The  arii^ument  is  not  that  stock iu^;  standard  rails  will  alwavs  make 
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them  cheap.  Their  value,  like  that  of  all  products,  changes  with 
the  general  condition  of  trade.  Rail-makers  would  rather  ])roduce, 
even  without  profit,  for  a  few  niontiis  in  the  year,  than  to  lose  their 
good  men  and  break  up  their  smooth-working  organizations.  Stock- 
ing standard  rails  would  enal)le  them  both  to  produce  chca])ly  and 
to  sell  at  a  fair  price;  it  would  therefore  check  excessive  fall  as  well 
as  excessive  rise  in  prices. 

The  argument  is  1st,  that  running  mills  on  half  or  three-quarter 
time  or  letting  them  stand  for  one  year,  and  the  next  year  suddenly 
filling  them  with  orders  for  short  delivery  far  in  excess  of  their  ca- 
pacity, is  simply  a  waste  t\mt  railway  companies  have  to  pay  for  in 
the  lono-  run.  No  fact  re<i:ardino'  the  iron  manufacture  is  better  es- 
tablished  than  this, — that  regularity  in  working  and  gradual  increase 
of  capacity,  rather  than  sudden  fluctuations,  are  to  the  advantage  of 
all  concerned.  Running  a  100,000-ton  mill  at  a  70,000-ton  rate 
does  not  create  nor  save  any  money,  however  much  it  may  tem- 
porarily bring  down  prices.  On  the  contrary,  it  wastes  the  time  of 
the  men,  it  wastes  fuel,  it  wastes  machinery,  it  wastes  capital ;  and 
for  all  this  waste,  neither  the  railway,  nor  the  steel-maker,  nor  the 
workman,  nor  anybody  has  saved  anything,  or  got  anything  more 
to  show  than  they  would  have  got  out  of  a  fire  or  an  earthquake. 

2d.  Excessive  production  is  also  wasteful;  it  strains  both  men  and 
plant,  and  it  does  not  allow  time  for  repairs  just  when  they  are  needed. 
The  wear  and  tear  of  loose  joints  and  connections  in  machinery  in- 
creases, not  uniformly,  but  at  least  as  the  square  of  the  time  they  are 
allowed  to  run  without  repairs. 

The  same  rule  holds  in  the  preliminary  industries  of  making  pig 
and  mining  ore.  Excessive  output  is  wasteful,  and  a  large  decrease 
of  output,  either  by  working  short  turns  or  by  standing,  is  particu- 
larly wasteful  of  the  time  of  men  and  the  use  of  plant.  All  tlie  men 
and  all  the  plant  must  be  used,  and  in  so  far  as  they  are  not  fully 
used,  their  capacity  is  simply  wasted. 

For  all  this  railway  companies  have  to  pay  in  the  long  run.  Any 
temporary  cheapness  of  rails  must  be  compensated.  They  cannot  be 
and  will  not  be  produced,  for  long  periods,  without  a  fair  profit,  nor 
is  it  to  the  interest  of  a  railway  or  of  the  community,  that  any  in- 
dustry should  be  prosecuted  without  a  fair  profit. 

3d.  Besides  the  waste  due  to  this  fluctuation  of  output,  railway 
companies  have  to  pay  for  maintaining  a  system  by  which  thev 
cannot  get  rails  when  they  want  them.     Of  course  rail-makers  will 
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work  flrpt  for  those  who  pay  most,  and  a  higli  rate  for  immediate  ac- 
commodation fixes  the  <^eneral  price  for  months  to  come. 

Rail-makers  wouhi  ghidly  stock  standard  rails  jast  as  wheel-makers 
stock  standard  wheels,  if  they  could  be  sure  that  the  rails  were  stand- 
ard and  could  be  sold  just  as  readily  as  those  made  to  special  order. 
As  we  have  observed,  this  would  save  them  trouble  and  anxiety,  as 
well  as  loss,  and  it  winild  enable  them  to  keep  their  organizations 
and  plants  in  economical  working  order,  so  as  to  produce  at  the 
minimum  cost. 

Tiiere  is  still  another  consideration  :  On  account  of  the  sudden 
scramble  for  rails,  due  largely  to  there  being  no  stock  to  draw  from, 
150,000  tons  or  more  per  year  have  liad  to  be  imported  at  the  then 
ruling  high  prices.  American  rail-makers  would  have  gladly  made 
these  rails  during  slack  times.  As  it  is,  American  mill-owners  and 
American  workmen  have  now  lost  them  altogether,  and  the  railway 
companies  liave  paid  extravagant  prices. 

Third. — The  question  now  arises,  How  is  the  difficulty  to  be  reme- 
died?    The  answer  involves  a  review  of  its  causes. 

1st.  The  early  steel  rails  were  naturally  made  to  the  existing  iron 
patterns.  These  were  generally  pear-headed,  in  order  to  prevent 
the  sides  of  the  head  from  breaking  down,  and  were  therefore  not 
ada])ted  to  fishing.  When  the  quite  different  physical  character 
and  behavior  of  steel  became  known — first  of  the  hard  steels  and 
then  of  the  modern  rail  steels — many  and  necessarily  diverse  attempts 
were  ma<le  to  adapt  the  shape  of  the  rail  to  the  new  and  varying  ma- 
terial. Some  of  these  attempts  were  scientific,  and  their  general  re- 
sults were  similar,  but  the  exact  patterns  largely  differed.  On  the 
contrary,  some  railway  companies,  utterly  disregarding  the  accumu- 
lating knowledge  of  steel,  stuck  to  the  old  pear-head  ;  and  as  grooves 
for  rolling  iron  hav^e  too  much  draft  for  steel,  new  rolls  had  to  be 
made  for  old  patterns,  thus  still  firther  aggravating  the  difficulty.  Fi- 
nally, in  1874,*  Mr.  Chanute,  of  the  Erie  road,  started  a  really  scien- 
tific investigation  to  determine  the  shape  and  proportions  for  steel 
rails.     This  we  will  consider  farther  on. 

2d.  There  is  another  cause  of  the  multi[)lication  of  patterns,  more 
potent  and  more  difficult  to  remedy  than  any  intrinsic  cause.  It  is 
the  egotism  of  certain  engineers  and  officers  of  railways.     I  do  not 


*  Since  reading  tliis  paper  my  attention  has  been  called  to  an  improved  form  of 
steel  rail,  differing  only  in  the  head,  from  the  more  modern  patterns,  and  designed 
by  Mr.  Ashbel  Welch,  in  18GG. 
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refer  to  tliose  lionestly  differing  opinions  which  are  founded  on 
observation,  even  if  that  observation  is  incomplete  and  one-sided.  I 
refer  to  the  determination  of  certain  persons  who  dictate  patterns  to 
railways — and  these  persons  are  not  a  few — to  use  no  pattern  that 
any  other  manager  has  invented,  but  to  vary  from  all  standard  ])at- 
terns,  for  no  reason  whatever,  except  to  inflict  their  own  individuality 
upon  some  feature  of  the  interest  confided  to  their  care.  I  cannot, 
of  course,  give  names  and  particulars  in  a  public  paper;  but  there 
are  plenty  of  names  and  instances  known  to  rail-makers  and  to  dealers, 
and  to  the  railway  fraternity.  There  are  instances  of  men  signaliz- 
ing their  accession  to  power  by  the  imposition  of  a  rail  pattern  which 
is  not  only  new,  but  inferior  in  every  way  to  patterns  in  current  use. 
Some  of  these  tinkers  think  they  win  the  admiration  of  boards  of 
directors  by  thus  showing  up  the  general  ignorance  and  their  own 
technical  genius.  They  fondly  believe  that  having  "Stiggins's  '^  rail 
pattern  talked  over  in  the  mills  and  railroad  offices  gives  them  a  cer- 
tain immortality.     It  does. 

3d.  There  is  another  cause  of  multiform  rails  which  is  just  as  ab- 
surd as  the  last  named.  I  give  a  typical  instance — a  case  in  which,  I 
am  sorry  to  say,  I  personally  figured,  for  I  had  to  design  the  rail 
for  a  steel-making  client.  A  railway  manager  wanted  a  better  head 
on  his  otherwise  fair  rail,  but  he  insisted  that  it  must  fit  his  standard 
fish-plate.  No  standard  rail  would  fit  his  fish-plate,  although  several 
suited  him  in  other  respects.  Nothing  would  do  but  a  bran  new 
pattern,  and  it  is  now  one  of  the  119.  This  railway  company  is  to 
be  congratulated.  It  will  have  saved,  during  a  period  of  a  dozen 
years,  perhaps  $100  worth  of  special  joint  fastenings  at  each  end  of 
long  sections  of  replaced  track,  and  where  an  occasional  bad  rail  is 
replaced  before  the  general  renewal. 

The  following  practical  questions  are  first  in  order:  What  are  the 
proper  proportions  for  steel  rails?  How  were  they  determined? 
Who  is  the  authority?  The  art  is  now  so  far  advanced  that  we  can 
answer  these  questions.  The  proportions  and  even  the  contours  are 
those  adopted  in  62  per  cent,  of  the  119  standard  patterns;  they 
were  determined  by  experiment  and  practice,  and  the  authority  is 
the  majority  of  railway  managers  and  all  the  scientific  experts. 
These  proportions  and  contours  are  illustrated  by  the  10  patterns 
on  Plate  I. 

It  must  be  constantly  borne  in  mind  that  the  experience  in  iron 
rails  is  no  criterion  for  steel,  because  modern  rail  steel,  including  the 
soft  steel  made  on  Dr.  Dudley's  formula,  is  a  comparatively  uniform 
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prodncf,  varying  less  than  otlier  large  classes,  such  as  tool  steel  and 
even  boiler  plate  steel.  Rail  irons,  on  the  contrary,  especially  those 
just  preceding  the  steel  era,  could  not  be  classed  under  one  species, 
if  indeed  they  were  of  the  same  genus.  They  included  every  possi- 
ble mixture  of  metalloids,  slag,  and  iron,  from  the  rotten  conglom- 
erate that  crashed  under  a  light  traffic  when  piled  into  the  84- 
pOund  rail  (Plate  11),"^  to  the  old  Reading  45-pound  rail  (Plate  II), 
made  of  reworked  merchant  bar  and  nearly  as  homogeneous  and 
durable  as  steel.  It  is  not  surprising  tliat  iron  rail  patterns  were 
various,  when  nearly  every  lot  purchased  had  its  particular  manner 
of  going  to  pieces.  One  railroad  superintendent  could  guess  as  well 
as  another  at  a  pattern  that  would  not  stand  ;  scientific  inquiry  had 
not  got  around  to  the  rail  business. 

Let  us  examine  the  steel  rail  pattern  in  detail. 

1st.  A  few  years'  use  of  steel  abundantly  proved  that  the  sides  of 
the  head  do  not  break  down,  even  if  quite  thin.  The  only  normal 
mechanical  destruction  is  the  wearino;  out.  The  occasional  mashing: 
of  the  ends,  and  the  very  rare  splitting  and  crushing  of  the  rail  else- 
where, are  due  to  the  bad  casting  of  ingots,  and  to  working  spongy 
ingot  tops  into  rails.  The  breaking  of  rails  which  are  properly  laid, 
is  due  to  chemical  defects.  The  strength  of  steel  thus  rendered  it 
practicable  to  cut  out  the  underside  of  the  head,  leaving  a  nearly 
fiat  table  to  hold  a  fish-plate,  and  so  to  sustain  and  preserve  the  ends 
of  the  rail. 

2d.  The  next  point  was  to  decrease  the  normal  destruction  by 
wear.  Breaking  down  did  not  occur,  and  lamination  could  not  oc- 
cur in  the  product  of  a  fusion  process.  The  first,  and  very  obvious 
suggestion  was  to  put  as  much  metal  as  possible  into  the  head,  with- 
out robbing  the  web  and  flange,  and  impairing  the  rail  as  a  beam. 
These  points  will  be  considered  farther  on. 

Having  as  much  metal  as  possible  in  the  head,  what  proportions 
and  shape  endure  best,  reference  also  being  had  to  the  wear  of  the 
rolling  stock  ?  A  wide  head  theoretically  reduces  the  pressure  per 
square  inch,  of  the  wheels.  But  on  account  of  the  slight  coning  of 
the  wheels,  it  has  been  observed  that  their  actual  foot-prints  are  only 
three-quarters  to  one  inch  wide,  while  those  wheel-treads  which  are 
worn  hollow  do  not  take  a  full  bearing  on  a  wide  head.  If  the  head 
is  wide,  it  must  be  thin,  with  a  given  weight  of  rail,  so  that  its  side 
presents  less  surface  and  hence  a  higher  rate  of  flange  wear,  and  a 

*  Buflalo,  Corning  and  New  York  Railroad,  1858. 
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greater  variation  in  the  gauge  of  the  tra^k.  The  head  must  be  wide 
enough  to  give  ample  bearing  to  the  fish-plates,  otherwise  they  are 
soon  worn  to  such  shape  tliat  they  cannot  be  kept  tight.  Exactly 
the  best  width  of  head  for  a  given  weight  of  rail  can  hardly  be  de- 
termined, but  the  experience  of  a  decade  has  convinced  experts  gen- 
erally, that  for  56  to  70  pound  rails,  it  lies  between  2i  and  2}  inches. 
Rail  designers  have,  therefore,  respectively  adopted  every  possible 
fraction  of  this  undetermined  quarter  of  an  inch. 

The  exact  contour  of  the  head  is  very  important.  In  1874  "Mr. 
Chanute,  Chief  Engineer  and  Assistant  General  Superintendent  of 
the  N.  Y.,  L.  E.  and  W.,  then  the  Erie  Railway,  observed  that  rail 
heads  rounded  to  a  small  radius  wore  the  wheels  out  of  their  normal 
shape  at  the  junction  of  the  flange  and  the  tread,  into  a  more  nearly 
right  angular  6ha[)e  which  was  obviously  less  strong  and  less  safe. 
It  was  also  obvious  that  the  greatest  wearing  surface,  and  hence  the 
least  rate  of  wear,  would  be  secured  by  giving  the  side  of  the  head 
such  a  shape  originally,  as  the  wheel  would  give  it  by  wear.  Mr. 
Chanute  then  made  a  large  number  of  templets  of  worn  rails  and 
of  worn  tires  and  wheels.  In  Plate  II,  Fig.  1  shows  the  section  of 
a  new  wheel,  and  Figs.  2  and  3  show  the  extremely  differing  forms 
after  wear.  Figs.  4,  5,  and  6  illustrate  locomotive  tires  in  the  same 
way;  the  angle  is  more  open  than  in  case  of  wheels,  because  the 
lateral  play  of  tires  is  greater.  From  all  these  templets  Mr.  Chanute 
took  a  mean  line,  which  he  adopted  as  the  shape  of  the  head.* 
Another  advantage  of  this  shape  is,  that  with  a  given  weight  of 
metal  it  widens  the  fish-plate  bearing.  As  we  have  observed,  the 
"Chanute^'  head  has  been  generally  adopted,  although  with  slightly 
varying  angles,  of  course,  for  62  per  cent,  of  the  119  standard  rails. 

3d.  The  width  and  shape  of  the  head  having  been  provided  for, 
how  much  metal  can  be  spared  from  the  web  and  flange  to  deepen 
it, and  how  shall  the  remaining  metal  be  disposed?  The  rail  is  now 
to  be  considered  as  a  beam,  and  as  a  bearing  to  transfer  the  vertical 
and  lateral  strains  to  the  sleepers.  It  is  obviously  impossible  to  de- 
termine the  exact  proportions  which  are  better  than  any  others,  be- 
cause the  conditions  of  use  vary  almost  infinitely  ;  but  so  nearly  the 
best  form  for  average  use  has  been  determined  by  practice,  that  no 
one  can  prove  it  not  to  be  the  best. 

I.  The  web  and  base  of  the  rail  have  been  pared  down  to  meet 
the  conditions  of  the  beam,  until   further  reduction  would   impair 


*  See  a  foregoing  note  regarding  tlie  earlier  use  of  this  form  of  liead. 
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their  safety.  It  fell  to  me  to  ])()int  out,  in  a  discussion  of  this  sub- 
ject before  the  Societ}'  of  Civil  Engineers,  that  permanent  rupturing 
strains  would  be  left  in  a  rail  of  which  the  flange  was  so  thin  that  it 
came  out  of  the  finishing  groove  at  a  little  higher  temperature  than 
^' black  hot,"  while  its  heavy  head  finished  at  a  bright  red.  Engi- 
neers generally  who  were  starting  on  excessively  thin  flanges,  thickened 
them  to  meet  this  circumstance  of  manufacture.  The  minimum  thick- 
ness of  the  edge  of  the  flange  for  rails  above  56  pounds  is  J  inch; 
the  thickness  of  the  flange  where  it  joins  the  stem  is  from  •§  to  J  inch, 
or  that  which  will  give  an  angle  for  the  fish-plate  of  about  12°. 
The  reason  of  this  will  be  further  considered. 

The  width  of  base  must  be  so  great  that  the  rail  will  not  turn 
over,  and  will  not  cut  into  the  sleepers.  Mr.  Sandberg's  rule  for 
sleepers,  3-feet  ajiart  centres,  is  to  make  the  width  and  height  the 
same,  except  that  in  the  lighter  sections  the  j)roportion  of  height  is 
increased.  In  the  best  American  practice,  with  sleepers  2-feet  apart 
centres,  the  base  and  heij^ht  of  rails  are  usually  the  same.  A  4-inch 
base,  with  4J-inch  height,  is  the  largest  deviation  from  this  rule. 
The  6f-inch  base  of  the  4J-inch  rail  of  the  Metropolitan  Railway, 
in  London,  is  a  singular  departure  in  the  other  direction. 

II.  The  web  of  the  steel  rail  has  been  pared  down  until  it  runs  in  the 
twenty -two  56-pound  patterns,  from  13  to  20  thirty-seconds,  and  in 
the  thirty  60-pound  patterns,  from  7  to  10  sixteenths  of  an  inch.  But 
no  web  of  any  of  the  current  patterns  has  broken  down  from  being 
too  thin.  Whether  or  not  a  61th  should  be  added  or  removed,  no 
man  can  say;  nor  is  the  question  of  farther  variation  of  any  impor- 
tance, except  to  the  immortals  before  mentioned. 

III.  The  foregoing  proportions  having  been  settled,  the  question 
is:  How  much  of  the  remaining  metal  shall  go  into  height  of  web, 
and  how  much  into  thickness  of  head?  To  perfect  the  rail  as  a 
beam,  so  much  of  it  should  go  into  the  web  as  to  at  least  double  the 
standard  heiglit,  because  the  stitfness  of  the  beam  increases  as  the 
cube  of  the  height.  But  it  has  been  ascertained  that  with  the  best 
existing  type  of  roadbed,  5J-inch  rails  wore  out  more  rapidly  than 
4-inch  rails  of  the  same  quality.  The  reason  is  obvious:  the  higher 
rails  were  too  rigid;  the  lower  rails  yielded  slightly  under  the  load. 
Dr.  Dudley  graphically  describes  wear  as  the  breaking  or  mashing 
of  the  infinitesimal  teeth  which  form  tiie  surface  of  the  rail.  We 
may  regard  the  wheel  as  a  projectile  which  breaks  and  mashes  these 
teeth.     Its  destructive  effect  is  as   the  square  of  its  velocity ;  the 
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elasticity  of  the  rail  increases  the  time  of  impact,  and  so  decreases 
the  power  of  the  blow. 

As  the  tread  of  the  rail  becomes  a  more  and  more  perfect  plane 
by  means  of  better  manufacture  and  roadbed,  the  stiffness  of  the  rail 
may  be  increased,  and  no  doubt  will  be  increased  to  carry  heavier  loads 
per  wheel.  With  good  ballast  of  the  present  type,  and  sleepers  2-feet 
apart  centres,  it  has  been  found  that  a  Avell-proportioned  rail  of 
about  4  J  inch  height,  will  carry  the  present  loads  of  5  or  6  tons  per 
driving-wheel  to  the  best  advantage.  The  Great  \yestern  Il-rail, 
still  used,  is  the  worst  form  for  stiffness. 

The  rule  for  spacing  sleepers  in  a  country  wdiere  they  are  com- 
paratively cheap,  is  to  leave  just  as  little  space  between  them  as  will 
allow  the  convenient  tamping  of  ballast.  There  is  great  convenience 
in  the  even  number,  2  feet,  and  it  cannot  be  proved  that  it  is  not  as 
good  as  2  feet  and  a  quarter  of  an  inch,  which  some  rail  tinker  would 
no  doubt  have  specified,  if  it  had  occurred  to  him. 

Iron  and  steel  sleepers,  so  largely  used  in  Germany  and  elsewhere, 
and  especially  the  longitudinal  system,  will  no  doubt  modify  our 
permanent  way,  in  all  departments,  at  a  not  distant  day,  but  we  shall 
have  time  to  enjoy  any  improvement  of  our  present  system. 

Having  thus  determined  all  the  proportions  except  the  thickness 
of  tlie  head,  we  find  that  rails  of  60  to  72  pounds  per  yard,  may 
have  heads  of  1 J  to  1 J  inch  mean  thickness  (see  Table  I),  which  will 
last,  under  average  traffic,  until  new  conditions  of  roadbed,  load,  and 
manufacture  shall  have  indicated  farther  improvements  in  the  weight 
and  proportions  of  steel  rails.  It  probably  would  not  pay,  consid- 
ering the  interest  account  and  probable  improvements,  to  secure 
longer  wearing  capacity,  except  in  rails  for  specially  severe  service.* 

IV.  What  determines  the  angle  of  the  underside  of  the  head  to 
hold  the  fish-plate?  If  the  plate  could  bear  against  horizontal  sur- 
faces it  would  not  be  forced  out  laterally  by  the  load;  but  it  could 
not  be  properly  fitted  by  rolling;  its  play  would  rapidly  increase  and 
could  not  be  taken  up.  Mr.  Chanute  experimented  in  this  direction 
also,  and  found  that  with  angles  above  15°  the  plate  w^as  loosened 
by  the  stretching  of  the  bolts;  this  relieved  the  pressure  and  friction 
of  the  plate  against  the  nuts  and  allowed  them  to  turn.  He  there- 
fore adopted  the  angle  of  15°  under  the  head.  To  avoid  unneces- 
sary metal  in  the  flange,  he  made  its  angle  12°.    With  the  angle  plate, 

*  Tnble  11  iiives  particulars  and  capacity'  of  Sandberg's  sections.  His  standard 
60-pound  steel  rail  is  shown  on  Plate  II. 
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(see  Plate  II),  which  can  hardly  be  put  on  wrong  side  np,  the  differ- 
ence in  the  top  and  bottom  slopes  can  do  no  harm.  Mr.  Sandl)erg 
specifies  11°  at  both  top  and  bottom  for  heavy  rails,*  and  15°  for 
light  rails. 

Speaking  of  the  angle  fish-plate  (a  good  specimen  of  which  is  shown 
with  Mr.  Sandberg's  60-pound  rail) — while  recent  inventors  of  this 
excellent  device  are  disputing  about  their  priority,  I  call  your  atten- 
tion to  an  engraving  reproduced  from  Colburn  &  HoUey's  '^Euro- 
pean Railways/^  published  in  1858,  and  entitled,  "  58-pound  rail 
with  Adams's  bracket  joint."  (See  Plate  II.)  Tliis  form  of  fish- 
plate was  invented  by  the  late  William  Brydges  Adams,  of  London, 
about  30  years  ago.  It  was  first  introduced  here,  and  greatly  im- 
proved in  form  by  the  Bethlehem  Iron  Company.  I  also  venture  to 
remark  that  I  designed  the  rail  shown  with  it  24  years  ago.  It 
rather  differs  from  the  patterns  current  at  the  time,  the  worst  example 
of  which  is  shown  by  the  84-pound  rail  on  Plate  II.  It  was  intended 
to  be  made  of  the  best  reheated  soft  iron,  which  with  thin  and  hence 
elastic  heads,  had  been  proved  to  break  down  least  and  to  wear  best. 
The  flange  was  made  a  little  thick,  so  that  it  could  be  rolled  out  of 
tough,  red-short  iron. 

Fourth.  Having  thus  observed  that  the  proportions  and  contours 
of  the  majority  of  the  standard  patterns  were  determined  by  scientific 
methods,  and  that  no  new  departure  is  necessary  in  the  present  state 
of  the  art,  we  are  confronted  with  the  final  question  :  How  are  60  or 
70  patterns  of  rails,  all  of  them  illustrating  the  established  principles, 
to  be  reduced  to  the  few  patterns,  which  by  universal  adoption,  each 
for  its  own  character  of  service,  will  enable  the  great  economies  we 
have  considered  to  be  realized?  The  reform  is  certainly  not  to 
begin  by  making  a  new  set  of  patterns.  Better  roadbeds,  steel  sleep- 
ers, heavier  wheel  loads,  and  improved  adaptations  of  steel,  will  de- 
termine new  patterns  in  due  time. 

For  the  present  needs  of  all  concerned,  the  obviously  reasonable 
and  the  only  practicable  solution  is  for  railway  companies  to  fix  on 
the,  say  10  patterns,  each  of  different  weight,  from  about  30  to  70 
pounds,  which  most  completely  embody  the  settled  princi[)les  of  steel 
rail  proportions,  with  reference  also  to  the  extent  to  which  such  pat- 
terns have  already  been  adopted.  For  instance,  it  would  not  be 
reasonable  to  ask  the  many  companies  who  have  adopted  the  most 
used  and  good  60- pound  pattern  (see  Plate  I),  to  inaugurate  reform 

*  Table  HI  gives  particulars  of  Sandberg's  rail  fastenings. 
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by  chaiia^in<^  to  a  better  pattern.  No  railway  company  which  has  a 
good  j)attern  likes  to  change;  each  insists  that  it  has  as  much  right 
as  anotlier  to  perpetuate  its  own  pattern.  In  so  far  as  railway  mana- 
gers treat  the  subject  on  these  narrow  grounds,  no  reform  can  come. 

Guided  bv  the  principles  we  have  considered,  I  venture  to  suggest 
the  10  patterns  shown  on  Plate  I,  and  selected  out  of  the  119  cur- 
rent [)atterns,  as  standards  for  steel  rails.  I  have  thought  it  best 
not  to  complicate  the  matter  by  stating  who  designed  these  rails,  or 
M'ho  rolls  them  or  who  uses  them.  These  facts  can  be  found  out  by 
those  who  need  them.  The  only  important  facts  are  that  these  pat- 
terns, on  the  average,  embody  more  nearly  the  established  principles, 
and  are  more  largely  used  than  any  other  set  of  10  modern  patterns. 

No  expert  whom  I  have  consulted  in  the  matter  thinks  10  pat- 
terns too  few ;  some  say  that  the  67  pound  between  the  60  and  the 
72  pound  is  enough,  and  that  the  63  and  65  are  unnecessary.  The 
63  and  65  are,  however,  largely  used,  and  I  am  sure  that  steel- 
makers will  not  object  to  stocking  rails  of  10  patterns,  as  far  as  may 
be  necessary,  if  railway  companies  will  only  agree  on  them. 

To  start  the  reform — if  a  considerable  number  of  companies  who 
use,  say  a  57  to  61  pound  rail,  or  whose  traffic  a  60-pound  rail  would 
suit,  would  agree  on  a  good  60-pound  pattern  which  is  most  used — 
if  they  would  only  agree  to  adopt  it,  say  for  two  years'  orders,  rail- 
makers  could  and  would  gradually  begin  stocking  this  standard  rail 
when  orders  were  slack,  in  the  certainty  of  selling  it  at  a  fair  price 
when  any  of  these  roads  might  want  rails.  Rail-makers  would  take 
the  risk  of  changes,  as  under  such  a  system,  changes  would  be  made, 
not  by  capricious  individuals,  but  by  a  convention  of  experts;  and 
they  would  be  foreshadowed  by  discussion  and  consultation.  The 
system  once  inaugurated  would  be  tested;  attention  would  be  drawn 
to  its  advantages,  and  it  would  inevitably  become  general. 

The  cost  and  trouble  of  changing  the  pattern  of  steel  rails  is  not  so 
very  formidable,  when  closely  considered,  in  view  of  one  fact, — steel 
rails  wear  so  uniformly,  under  similar  conditions,  that  long  sections 
of  track  can  be  renewed  at  a  time,  thus  requiring  but  few  special 
fastenings  where  the  pattern  changes.  With  iron  rails,  especially 
those  bought  at  the  lowest  price,  the  difficulty  would  be  very  largely 
increased. 

Fifth.  It  may  be  said  that  uniformity  in  patterns  is  just  as  neces- 
sary I'or  iron  rails,  which  are  still  largely  used  and  to  be  used.  If 
the  best  iron  rails  were  used,  there  would  be  little  difficulty  in  deter- 
mining standard  patterns ;  but  the  best  iron  rails  will  cost  more  than 
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steel  rails.  I  do  not  feel  equal  to  the  consideration  of  those  varieties 
of  iron  rails  which  are  laid  by  speculators,  just  to  get  a  road  running 
and  its  securities  unloaded. 

Sixth.  E-ail  fastenings  would  also  have  to  be  uniform,  to  a  certain 
extent,  for  each  pattern.  Rail-makers  could  not  stock  unfinished 
rails  and  then  get  them  all  back  into  the  mill  for  drilling  and  slot- 
ting, thus  interrupting  current  work.  Fish-plates  of  all  types  may 
be  used,  so  long  as  their  bearings  fit  the  standard  rail. 

The  foregoing  considerations  about  uniform  rail  patterns  apply 
equally  to  fish-plates,  and  need  not  be  repeated.  The  present  diver- 
sity of  patterns  is  perfectly  unnecessary  and  wasteful. 

It  should  at  least  appear  that  the  size  and  pitch  of  fish-bolt  holes 
might  be  agreed  upon,  and  yet  they  differ  to  a  degree  which  is  ridic- 
ulous. In  21  patterns  of  rails  made  at  one  mill,  there  are  6  differ- 
ent diameters  of  hole  (from  f  to  1  ,^g  inch.)  ;  there  are  10  different 
distances  apart  of  holes  (from  4  to  6  inch.)  ;  and  there  are  14  differ- 
ent distances  of  the  first  hole  from  the  end  of  the  rail  (2J  to  3|| 
inch.)  For  one  pattern,  the  distance  is  two  and  thirteen  sixty-fourths 
inch.  To  think  that  the  mind  of  man  can  hit  perfection  in  spacing 
fish-plate  holes  within  the  64th  of  an  inch,  is  almost  appalling. 

It  would  be  impossible  within  the  limits  of  this  paper,  which  I 
fear  is  already  wearisome,  to  fully  discuss  rail  fastenings.  It  should 
be  obvious  to  every  one  that  the  angle-plate  has  every  advantage 
over  the  plain  splice  as  a  means  of  holding  the  rail  vertically  and 
laterally,  and  especially  as  a  means  of  preventing  the  creeping  of 
rails  without  starting  fractures  in  them  by  nicking  their  flanges. 
Table  III  gives  Mr.  Sandberg's  specifications  for  fish-plates  and 
bolts.  It  seems  proper  in  this  connection  to  recognize  Mr.  Sand- 
berg's Important  contributions  to  good  permanent  way,  during  the 
last  twenty  years,  by  means  of  careful  experiment  and  observation, 
and  by  means  of  a  system  of  inspection  which,  in  its  theory  and  in 
its  difficult  administration,  is  fair  to  both  the  makers  and  the  users 
of  rails. 

In  conclusion,  let  us  very  briefly  review  the  ground  we  have 
traversed. 

No  expert  will  deny,  I  think,  that  about  10  weights  of  rails  \y\\\ 
just  as  perfectly  meet  the  requirements  of  railways  as  the  27  weights 
which  are  now  standard,  and  that  some  one  pattern  of  any  given 
weight  is  better  than  many  patterns,  for  instance,  than  the  29  other 
standard  60-pound  patterns. 

The  multiplication  of  patterns  is  a  source  of  expense  and  trouble 
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to  rail  makers  in  getting  up  new  rolls  and  in  delays  while  changing 
rolls.  But  it  is  a  source  of  far  greater  expense  to  railway  companies, 
chiefly  by  preventing  the  stocking  of  standard  rails,  which  would 
check  fluctuations  in  price  and  prevent  excessive  prices.  Fluctua- 
tion in  output  also  wastes  capital,  plant,  and  time,  for  all  of  which 
railway  companies  must  pay  in  the  long  run. 

There  were  two  principal  causes  of  the  multiplication  of  rail  pat- 
terns. The  first  was  the  natural  result  of  adopting  for  steel  the 
patterns  of  iron  rails,  which  provided  for  every  variety  of  defective- 
ness peculiar  to  iron,  and  of  adapting  patterns  to  the  various  grades 
of  steel  until  a  standard  grade  was  determined.  The  other  cause  was 
the  unreasonable  egotism  and  the  narrow  and  trifling  considerations 
of  certain  railway  officials. 

Other  railway  officers,  however,  have  in  a  scientific  manner  de- 
termined the  proper  proportions  and  contours  for  steel  rails,  and 
they  have  determined  exact  patterns  which  are  so  nearly  correct  that 
they  cannot  be  proved  to  be  incorrect.  The  majority  of  railway 
companies  have  adopted  the  proportions  and  contours,  but  the  pat- 
terns are  still  very  numerous. 

The  obvious  way  to  reduce  the  existing  many  to  the  few  necessary 
patterns  is  to  adopt,  for  each  of  the  necessary  weights,  that  existing 
pattern  which  most  nearly  conforms  to  the  principles  which  have 
been  established,  and  with  reference  also  to  the  extent  of  its  present 
use.  The  patterns  shown  on  Plate  I,  are  proposed  as  possibly  the 
best  that  can  be  selected. 

Rail  fastenings  must  be  uniform  to  a  certain  extent,  but  this 
reformation  does  not  present  serious  difficulties. 

Meanwhile  improved  roadbed,  heavier  wheel  weights,  and  new 
adaptations  of  steel  will  provide  the  elements  for  improved  rail 
patterns,  and  these  will  be  devised  in  a  scientific  manner  by  that 
class  of  railway  managers  which  has  so  largely  improved  the  forms 
of  steel  rails. 
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46  lbs. 


58  lb.  RAIL  WITH  ADAMS  BRACKET  JOINT. 
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Table  II. 
Weight,  Dimensions,  and  Capacity  of  Sandberg's  Standard  Bail  Sections. 


Sandberg's  standard 

Stiffness.  Deadweight 

Maximum  load  in 

sections.    Weij^lit  of 

Heii?ht  of 

Base 

in  tons  on  rail-joint, 

ton-;  on  each  driv- 

rail per  yard. 

rail. 

of  rail. 

2  ft.  supports,  with- 

ing wheel  lor  ordi- 

Pounds. 

Inches. 

Inches. 

out  permanent  set. 

nary  goods  engine. 

30 

3 

m 

3.0 

2.0 

35 

3'/ 
3'| 
3X 

3 

4.0 

3.25 

40 

s% 

5.2 

4.0 

45 

3^ 

6.3 

4.75 

50 

sH 

^% 

7.3 

5.5 

56 

4 

4 

8.2 

5.87 

60 

4% 

4'4 

9.2 

6.25 

65 

4H 

4^ 

10.2 

6.62 

70 

4)1 

4^ 

11.2 

7.0 

75 

5 

5 

12.2 

7.25 

Table  III. 

Fastenings  for  Sandberg^s  Standard  Rail  Sections. 


Rails. 
30  and  35  pounds 
per  yai'd. 


Holes  in  rails. 
1"  X  %"  oval. 


Rails. 

40  and  45  poiinds 

per  yard. 


Holes  in  rails. 
^Vs"  X  ]4"  oval. 


1  ^Y^  from 


2  holes  at  each  end. 
Centre  of  first  hole 

end  of  rail. 
Centre  of  second  hole  3]4  from 

centre  of  tirst. 


Holes  in  plates. 
5^"  diameter. 


Holes  in  plates. 
J4"  diameter. 


Fish-plates  13"  long.    Four  pear- 

shajied  holes. 
3}/^"  between  centres  in  each  plate. 


Pear-shap'd  bolts 
%"  diameter. 


Rails. 

50  pounds  per 

yard. 


Holes  in  rails. 
1"  X  IW  oval. 


Rails. 

56,  60.  and  65 

pounds  per  yard. 


Holes  in  rails. 
IW'  X  l%"  oval. 


Rails. 

70,  75,  and  80 

pounds  per  yard. 


Holes  in  rails. 
I'A"  X  VA"  oval. 


2  holes  at  each  end. 

Centre  of  first  hole  2  ^3  ^^    from  end  of  rail. 

Centre  of  second  hole  i]4"  from  centre  of  first. 


Holes  in  plates.      Holes  in  plates.        Holes  in  plates. 
%"  diameter.  1"  diameter.  1]4,"  diameter. 

Fish  plates  18"  long.    Four  pear-shaped  holes. 
2'<J"  from  centre  of  first  hole  to  end  of  fish. 
4J/^  from  centre  to  centre. 


Pear-shap'd  bolts  Pear-shap'd  bolts 
^"  diameter.     '    -K"  diameter. 


Pear-shaped  bolts 
W'  diameter. 


Pear-shaped  bolts 
1"  diameter. 


SUOCKS  ON  BAILWAY  BBIJDGES. 


BY  JOHN  W.    CLOUD,    ALTOONA,   PENNSYLVANIA. 

The  delivery  of  blows  upon  roadway  structures  by  the  locomo- 
tive engine  at  high  speed,  although  long  recognized,  has,  perliaps, 
not  been  as  generally  understood  in  severity,  relation  to  speed,  and 
cause  as  is  desirable  in  matters  of  such  importance.  Some  points  of 
explanation,  with  illustrative  diagrams,  are,  therefore,  submitted  to 
your  attention,  preparatory  to  a  note  on  "  Steel  for  Bridges,''  also 
submitted. 

In  order  that  a  locomotive  may  run  at  high  rates  of  speed  with- 
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out  fore  and  aft  iiTegiilariti'es  of  motion,  it  is  necessary  that  counter- 
weight he  added  to  the  driving-wheels,  not  only  for  crank-pin  liub, 
crank-pin.  and  weiglit  carried  thereon,  but  also  for  the  weight  of 
those  parts  which  move  only  in  a  horizontal  direction,  viz.,  piston, 
piston-rod,  cross-head,  and  that  part  of  main  rod  carried  by  the 
cross-head.  This  additional  counterweight  is  usually  divided  equally 
between  all  the  driving-wheels,  and,  in  the  case  of  a  Pennsylvania 
Railroad  standard  locomotive,  class  "  B,'^  it  requires  an  addition  of 
counterweight  to  each  wheel  equivalent  to  300  pounds,  at  a  distance 
of  12  inches  from  the  wheel  centre,  to  properly  control  the  motion. 
This  brings  correspondingly  too  much  counterweight  vertically,  but 
it  does  not  result  in  objectionable  disturbances  because  the  forces  are 
resisted  by  the  road-bed  in  one  direction  and  by  the  weight  of  the 
machine  in  the  opposite  direction. 

In  locomotives  for  low  speed  only,  a  part  of  this  additional  coun- 
terweight can  be  left  out  without  apparent  evil  results,  but  in  express 
locomotives  it  is  necessary  to  use  nearly  all  that  the  theory  requires. 
From  this  cause  a  series  of  blows  results,  which  we  may  examine 
by  the  aid  of  the  diagram  on  the  accompanying  plate  (Fig.  2),  a 
little  more  in  detail. 

The  length  of  this  diagram,  from  left  to  right,  represents  one 
revolution ;  the  vertical  scale  is  1  inch  =  3200  pounds,  and  the 
horizontal  line  through  the  centre  is  a  line  of  normal  pressure  of  one 
wheel  upon  the  rail  ;  i.  e.,  it  is  a  sufficient  distance  above  an  imagi- 
nary datum  line  below,  and  entirely  oflP  the  diagram,  to  represent,  on 
the  same  scale,  the  quiescent  weight  of  the  wheel  on  the  rail.  The 
speed  is  assumed  at  50  miles  per  hour,  and  one  revolution  is  considered 
commencing  when  the  engine  on  right  side  is  on  its  first  quarter ;  that 
is,  when  the  counterweight  on  the  same  side  is  in  its  highest  position. 
The  curve  a  shows  the  boundary  of  the  vertical  components  of 
the  centrifugal  force  of  300  pounds  additional  counterweight  at  a 
radius  of  12  inches  for  one  wheel  on  the  right  side  of  the  locomotive, 
these  components  being  laid  down,  on  a  scale  of  1  inch  =  3200 
pounds,  from  the  line  of  normal  pressure,  below  or  above,  according 
as  they  are  directed  upward  or  downward,  and  so  diminish  or  increase 
the  load  of  the  wheel  u[)on  the  rail.  It  will  be  borne  in  mind  that 
this  additional  300  pounds  of  counterweight,  if  located,  as  supposed, 
with  its  centre  of  gravity  12  inches  from  the  wheel  centre  (the  same 
as  crank  radius),  will  move  horizontally  at  all  times  with  the  same 
rate  of  speed  and  in  an  oi)posite  direction  to  the  parts  it  is  employed 
to  balance;  if  it  is  of  any  other  weight  it  must  be  placed  at  a  corre- 
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sponding  other  distance,  so  tliat  its  energy  of  motion  horizontally 
will  at  all  times  be  the  same;  and  so,  also,  vertically,  so  that  the 
curve  given  still  shows  the  disturbance  of  vertical  pressures. 

The  curve  h  shows  similarly  for  one  wheel  on  the  left  side.  This 
curve  is  identical  with  that  already  detailed,  only  one-quarter  revo- 
lution in  advance,  as  the  engine  on  the  left  side  leads  the  right  by 
that  amount.  The  line  c  shows  the  resultant  of  these  two  curves, 
and  is  for  two  wheels  on  one  axle,  but  the  curves  a  and  b  must  be 
considered  individually  as  to  their  effects  on  tires,  rails,  and  road- 
way structures. 

It  will  be  seen  that  from  this  cause  there  results  an  increase  of 
6260  pounds  above  the  normal  and  a  decrease  of  same  amount  below 
the  normal  in  the  weight  of  each  driving-wheel  upon  the  rail  every 
revolution  at  the  assumed  speed  of  50  miles  per  hour,  and  this  cycle 
is  repeated  4^  times  every  second,  so  that  it  is  a  series  of  quick  blows 
of  magnitude  2  X  6260  =  12,520  pounds ;  it  is  needless  to  add  that, 
for  other  speeds,  this  will  increase  or  decrease  with  the  squares  of 
the  speed,  and,  at  60  miles  per  hour,  it  will  be  44  per  cent, 
greater. 

Leaving  this  for  the  present,  let  us  look  at  other  vertical  disturb- 
ances from  quite  a  different  source,  and  applicable  to  the  main  pair 
of  wheels  only,  or  that  pair  to  which  the  engines  are  directly  con- 
nected. 


Referring  to  Fig.  1,  which  shows  some  of  the  outlines  and  centre 
lines  of  Pf^nnsylvania  Railroad,  class  "  B,"  locomotive,  it  will  be 
observed  that  when  it  is  running  forward  the  main  rod  is  puUlng 
obliquely  downward  on  the  crank-pin  when  the  latter  is  above  the 
centre  line  of  cylinder,  and  that  it  is pusAin^  obliquely  downward  on 
the  same  pin  when  the  latter  is  below  this  line,  i.  e.,  except  on  the 
two  centres,  the  power  of  the  engine  is  directed  more  or  less  down- 
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ward  on  the  pin  at  all  times.  So  far  as  this  goes  it  increases  the 
weight  of  the  wheel  upon  the  rail  by  so  mucli  as  the  vertical  com- 
ponent of  tliis  varying  force  with  its  varying  obliquity  exerted 
through  the  main  rod. 

On  the  diagram  (Fig.  2)  again,  the  curve  d,  above  the  horizontal 
line  of  normal  pressure,  is  the  boundary  of  the  vertical  components 
of  the  force  exerted  by  connecting-rod  on  the  crank-pin  during  one 
revolution.  Tliis  curve  lies  wholly  above  the  line  of  normal  pres- 
sure, except  two  points  which  are  in  this  line,  because,  as  already 
stated,  the  vertical  component,  when  there  is  any,  is  always  directed 
downward  in  running  forward,  and  therefore  increases  the  pressure 
on  the  rail. 

In  plotting  this  curve  the  conditions  prevailing  in  this  class  of 
locomotive  have  been  observed,  with  the  assumption  that  the  cut-off 
occurs  at  one-half  the  stroke,  and  that  the  cylinder  pressure,  up  to 
time  of  cut-off,  is  110  pounds  per  square  inch. 

The  corresponding  line  e  shows  the  same  for  the  opposite  main 
wheel,  being  one-quarter  revolution  in  advance,  as  before. 

As  this  vertical  force  is  consequent  upon  exertion,  through  mechan- 
ism, of  a  horizontal  force  in  the  cylinder,  there  must  be  at  all  times 
an  equal  reaction  vertically  upward;  this  is  by  the  cross-head  thrust- 
ing against  its  upper  guide,  and  so  far  as  this  force  goes  it  tends  to 
reduce  the  aggregate  weight  of  the  ma-^hine  on  the  rails  by  just  so 
much  as  we  find  it  increased  at  the  main  driving-wheel  at  all  times. 
The  upward  force,  however,  from  the  varying  location  of  its  point  of 
application,  is  variously  distributed  at  different  times  as  to  its  reliev- 
ing effects  from  driving-wheels  and  leading  truck-wheels.  Disregard- 
ing the  relief  from  the  rear  driver,  and  su})posing  it  all  distributed, 
for  the  right  side,  between  the  main  wheel  and  the  truck,  it  will 
be  found,  in  plotting,  that  the  curve/,  below  the  line  of  normal 
pressure,  is  the  boundary  of  relieving  forces  at  the  main  wheel  for  one 
revolution,  the  remainder  going  to  relieve  the  weight  on  the  truck. 
The  corresponding  line  ^,  shows  the  same  thing  for  the  leftside, 
and  is  one-quarter  revolution  in  advance.  Taking  the  resultants  of 
the  two  opposed  forces  for  each  side  separately,  we  have,  for  the 
right  side,  the  line  A,  and  for  the  left  side  the  line  A;,  while  the 
line  I  is  the  resultant  for  both  sides.  On  the  assumption  above, 
the  main  driving-wheels  are  loaded  by  this  amount  at  the  expense 
of  the  truck,  through  the  action  of  the  mechanism.  They  are  really 
loaded  more  than  the  diagram  shows,  because  the  relieving  action 
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from  the  rear  drivers  has  been  disregarded  as  somewhat  indefinite  in 
magnitude. 

The  upward  reaction  on  the  guides  causes  the  machine  to  roll,  as 
is  often  seen  when  it  is  laboring  hard  at  slow  speed.  If  the  locomo- 
tive runs  backward  the  conditions  are  reversed  and  main  wheels  are 
relieved,  the  weight  being  transferred  to  the  truck,  so  that  the  weight 
available  for  tractive  power  is  less  in  running  backward  than  it  is  in 
running  forward. 

This  concentration  of  weight  on  the  main  drivers  varies  only  with 
variation  of  pressures  in  the  cylinder,  and  is,  therefore,  independent 
of  speed  except  as  these  pressures  are  varied  in  consequence.  At  high 
speeds  this  also  assumes  the  character  of  quick  blows  on  each  side, 
and,  of  course,  at  50  miles  per  hour  the  cycle  is  repeated  4J  times 
per  second  as  before. 

Considering  all  these  disturbing  forces  on  one  main  wheel  only, 
for  the  right  side,  the  curve  a  shows  the  disturbance  from  coun- 
terweight and  the  curve  h  shows  the  resultant  of  disturbing  forces 
from  the  connecting-rod,  while  the  curve  m  shows  the  resultant  of 
the  two  on  a  scale  of  1  inch  =  3200  pounds. 

Good  practice  keeps  the  counterweight  as  low  as  possible,  but  on 
express  locomotives  the  disturbances  here  shown  frequently  occur  at 
each  main  wheel  and  rear  wheel  respectively  at  the  same  time.  For 
each  main  wheel  this  is  an  increase  of  weight  upon  the  rail  of  8350 
pounds  above  the  statical  weight  frequently  figured  on  in  design- 
ing structures,  and  this  increase  is  followed  by  a  decrease  below  tlie 
normal  of  4250  pounds,  making  a  variation  of  12,600  pounds,  which, 
at  50  miles  per  hour,  is  repeated  A\  times  per  second. 

For  each  rear  wheel  it  is  an  increase  of  weight  upon  the  rail  of  6260 
pounds,  followed  by  a  decrease  of  the  same  amount,  making  a  varia- 
tion of  12,520  pounds  4 J  times  per  second  at  the  same  speed,  and 
these  variations  on  one  rail  are  synchronous  ;  i.  e.,  are  going  through 
the  same  phase  at  the  same  time ;  there  is,  of  course,  a  slight  release  of 
weight  from  the  truck  at  the  same  time,  but  this  never  exceeds  2600 
pounds. 

This  is,  therefore,  a  series  of  severe  blows,  each  one  directed  upon 
some  one  point,  and  it  requires  but  the  proper  combination  of  cir- 
cumstances as  to  the  situation  of  this  point  (the  location  of  the  other 
point  on  same  rail  being  struck  at  the  same  time),  and  the  proximity 
of  other  heavily  loaded  wheels  to  produce  the  maximum  strains  upon 
some  member  or  members  of  a  resisting  structure  already  in  a  state 
of  oscillation  from  the  regular  and  successive  blows  received. 
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This  will  account  for  the  necessity  of  a  considerable  portion  of  the 
factor  of  safety  allowed  in  such  structures  as  railway  bridges,  and 
will  also  help  to  account  for  the  failure  in  service  of  a  certain  grade 
of  steel  with  a  factor  of  safety  higher  than  is  successfully  allowed 
with  iron  in  similar  structures.     (See  paper  on  '*  Steel  for  Bridges.") 


STEEL  FOE  BBIDGES. 

BY  JOHN  W^    CLOUD,    ALTOONA,   PEI^NSYLVANIA. 

In  1877  the  Pennsylvania  Hailroad  Company  removed  an  old 
bridge  from  its  line  at  Duncannon,  Pa.,  built  intermediate  piers  and 
erected  shorter  spans  of  the  Pratt  truss  type,  which  had  previously 
been  in  use  on  another  portion  of  the  road.  The  design  of  this  truss 
would  not  admit  of  diagonals  larger  than  If  inches  diameter,  and 
in  order  to  stiffen  the  bridge  somewhat  steel  rods  were  introduced 
for  the  main  diagonals  in  the  first  and  second  panels,  If  inches  and 
If  inches  diameter  respectively.  These  rods  were  threaded  without 
upsetting,  and  by  the  ordinary  formulae  the  strains  were  of  the  same 
intensity  upon  both,  viz.,  16,000  pounds  per  square  inch  with  the 
maximum  loading.  The  other  main  diagonals  in  the  truss  are  If 
inches  diameter,  and  of  iron. 

It  was  specified  for  the  steel  rods : 

Elastic  limit, 45,000  lbs. 

Tensile  strength, 80,000  lbs. 

Elongation,  20  per  cent. 

The  steel  was  procured  without  difficulty,  and  it  allowed  a  factor 
of  safety  of  2f  at  elastic  limit,  while  a  similar  factor  of  2J  had  for 
a  long  time  been  successfully  used  for  iron. 

In  the  course  of  three  years,  from  time  to  time,  six  of  these  steel 
rods  broke,  three  of  them  being  If  inches  in  diameter,  and  three  If 
inches  in  diameter.  The  broken  rods  were  tested,  and  three  of  them 
analyzed  at  Altoona  to  ascertain  the  cause  of  failure,  and  what  modi- 
fications should  be  made  in- the  steel  for  such  service.  Examination 
showed  that  all  the  rods  were  broken  in  detail  close  under  the  nut. 
The  threads  were  well  cut  and  properly  rounded  at  the  root. 

In  testing  the  rods  micrometer  screws,  reading  to  ,000 P'  with 
electric  bell  to  signal  the  contact,  were  attached  to  the  test  pieces, 
and  by  this  means  the  modulus  of  elasticity  and  elastic  limit  accu- 
rately obtained. 
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Below  is  representative  test : 

]Modulus  of  elasticity, 
Elastic  limit, 
Tensile  strength, 
Elungation  in  5  inclics, 


45,000,000 
42.000 
85,000 

23  per  cent. 


with  very  slight  variations  in  the  different  rods. 
Analyses  of  these  rods  showed: 


No.  1. 

No.  2. 

No.  3. 

Carbon 

Phosphorus 

.326 

.051 

1.432 

.052 

.315 

.041 

1.418 

.033 

.298 

.049 

1.448 

.043 

Manganese 

Silicon 

Iron  rods  that  had   given   long  and  successful  service  with  less 
factor  of  safety  in  another  locality  showed: 


Modulus  of  elasticity. 
Elastic  limit,    . 
Tensile  strength, 
Elongation  in  5  inches,  . 


.  22,000,000 
24,000 
50,000 

25  percent. 


No  chemical  examination  was  made  of  these  rods. 

This  is  a  case  where  elastic  limit,  tensile  strenorth  and  elono^ation 
are  not  reliable  criteria  of  the  fitness  of  the  steel  for  the  service; 
the  modulus  of  elasticity,  so  very  important  and  yet  so  generally 
neglected,  rendering  it  unfit  without  showing  any  deficiency  in  the 
specification  figures. 

That  this  great  stiffness  of  the  steel  was  the  cause  of  the  failure 
can  easily  be  made  apparent.  A  bridge  of  this  type  is  never  accu- 
rately mechanical  in  its  construction,  the  angle  blocks  are  unfinished 
castings  bearing  upon  unfinished  chords,  and  the  surface  against 
which  the  nut  has  its  bearing  is  not  accurately  at  right  angles  with 
the  rod.  Even  if  it  were  made  so,  it  would  not  remain  accurately 
in  place  throughout  the  oscillations  set  up  in  the  truss  by  the  con- 
tinual hammering  of  express  locomotives  in  passing.  And  with 
the  bearing  on  one  side  of  the  nut,  more  or  less,  the  heavy  and  fre- 
quently repeated  shocks  from  the  locomotive  bring  greater  strains 
upon  one  side  of  the  rod  than  was  intended  for  the  whole  section, 
and  cause  fracture   to  develop   in  that  side  most  heavily  strained, 
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because  the  steel  is  too  stiff  to  yield  sufficiently  to  the  bending 
action,  and  to  accommodate  itself  to  the  uneven  bearing,  as  the  iron 
does.  This  is  not  because  it  is  steel,  but  because  it  is  the  wrong 
grade  of  steel  for  the  purpose. 

Plotting  the  tensile  tests  given  of  the  steel  and  iron  to  a  point 
beyond  the  elastic  limit  shows  in  that  region  as  in  diagram,  Fig.  1. 

Flg.1. 


45000 


30000 


15000 


J  per  cent 


2  per  cent 


Diagram,  Fig.  2,  shows  a  quite  similar  result  obtained  automati- 
cally on  Professor  Thurston's  torsion  machine,  only  that  part  of  dia- 
gram near  elastic  limit  being  copied. 

These  diagrams  both  show  very  clearly  why  the  iron  will  with- 
stand a  service  of  this  kind  and  the  steel  will  not,  for  in  addition  to 
the  greater  stiffness  of  the  latter,  as  shown  on  the  diagrams,  the  iron, 
as  is  well  known,  takes  more  readily  a  permanent  set  also,  and 
therefore  sooner  accommodates  itself  permanently  to  the  unmechani- 
cal  workmanship  always  existing  in  such  structures,  and  allows  the 
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Fig.  2. 


I  per  cent 


2  per  cent 


Fig.3. 


\ 


No. 

Angle. 

Carbon. 

Phosphorus. 

Manganese. 

Silicon. 

911 

9° 

.618 

.154 

1.044 

.039 

917 

9° 

.423 

.127 

.708 

.083 

922 

70 

.428 

.109 

.870 

.038 

924 

7^^ 

.3S8 

.123 

.806 

.059 

928 

90 

.4:'8 

.142 

.564 

.042 

939 

8° 

.579 

.115 

.718 

.f):56 
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nut  to  fincl  its  proper  bearinfy.  Had  the  modulus  of  elasticity  of 
this  steel  been  between  25,000,000  and  30,000,000  instead  of  45,- 
000,000,  even  had  the  elastic  limit  and  tensile  strength  been  reduced 
10,000  pounds  and  20,000  pounds  respectively  in  consequence,  it  would 
probably  have  withstood  the  same  service  successfully  with  a  factor 
of  safety  of  2  instead  of  2i  at  elastic  limit.  Rods  of  the  same  size 
but  of  lower  grade  of  steel  are  now  being  made  to  put  into  this 
bridge.  Iron  can  be  rendered  less  fit  for  this  kind  of  service  by 
being  rolled  too  cold,  and  the  same  is  probably  true  of  steel,  but  the 
chemical  content  must  be  altered  in  this  case  to  produce  the  requisite 
pliability.    This  can  best  be  done  by  a  reduction  in  the  manganese,  if 


Fig.4. 


No. 

Angle. 

Carbon. 

Phosphorus. 

Manganese, 

Silicon. 

919 

22° 

.247 

.041 

.344 

.023 

920 

2P 

.293 

.063 

.326 

.039 

9'J(i 

23° 

.211 

.145 

.352 

.033 

927 

28° 

.187 

.131 

.320 

.049 

932 

22° 

.2(19 

.047 

.372 

.026 

936 

20° 

.39-1 

.035 

.288 

.038 

the  indications  as  to  chemical  content  and  torsion  test  in  the  Figures 
and  Tables  3  and  4,  selected  as  representative  from  the  sixty-four 
samples  of  steel  rails  on  which  Dr.  Dudley's  paper,  read  at  this 
meeting,  is  based,  can  be  considered  reliable.  For  by  referring 
again  to  tlie  iron  rod  on  the  diagrams  Figs.  1  and  2,  and  to  the 
dia^rram  Fi":.  4  of  steel  rails,  to  the  considerable  elono;ation  which 
occurs  at  the  elastic  limit  without  any  increase  of  load,  it  will  be 


MAGNETISM   OF   IRON   AND   STEEL.  385 

seen  that  in  the  iron  and  the  soft  steel,  unlike  the  hard  steel  in  Fig. 
3,  there  is  a  considerable  elongation  at  the  elastic  limit  without  any 
increase  of  load.  This  is  not  taken  into  account  in  estimating  the 
modulus  of  elasticity,  so  that  it  may  be  possible  to  have  a  high  mod- 
ulus, if  this  feature  exists  at  the  elastic  limit  sufficiently  marked, 
without  the  steel  being  unfit  for  such  service ;  but  as  will  be  seen 
it  is  necessarily  a  low  steel  at  all  events. 


I 


CAN  THE  MAGNETISM  OF  IBON  AND  STEEL  BE  USED  TO 
DETEBMINE   THEIB  PHYSICAL  PBOPEETIES  ? 

BY  WILLIAM    METCALF,    PITTSBURGH,   PA. 

One  of  the  first  questions  that  naturally  occurs  to  one  who  handles 
steel  is,  "  Why  does  steel  harden?'^  To  answer  this  question  the 
chemist  and  physicist  have  devoted  much  thought  and  experiment, 
and  while  they  have  enriched  our  store  of  knowledge  of  the  nature 
and  composition  of  steel,  it  cannot  be  said  that  they  have  yet  solved 
the  problem  involved  in  its  hardening. 

In  this  communication  I  desire  to  direct  attention  to  a  line  of 
investigation  yet  new,  in  the  hope  that  it  may  receive  the  attention 
of  those  who  have  the  time  and  ability  to  pursue  it.  I  refer  to 
magnetism. 

There  are  so  many  parallels  between  the  action  of  magnetism  on 
iron  and  steel  and  their  behavior  under  different  processes  of  manip- 
ulation that  it  would  seem  as  if  there  must  be  some  connection  be- 
tween the  forces  at  work  in  the  different  cases,  if,  indeed,  there  be 
not  an  identity  of  force  in  all  of  these  cases. 

Magnetism,  as  we  know  it,  may  be  merely  the  visible  manifesta- 
tion of  forces,  which  may  serve  as  a  guide  to  lead  us  to  an  exact 
knowledge  of  the  structure,  the  strains,  and  the  resistances  with 
which  we  have  to  deal  in  iron  and  steel. 

If  a  magnet  be  brought  close  to  a  pile  of  iron  filings,  the  little 
pieces  of  iron  will  fly  to  the  magnet  and  attach  themselves  to  it,  with 
their  longer  axes  lying  in  the  direction  of  the  force.  If  molten  cast 
iron  be  poured  into  an  iron  mould, — a  chill, — the  iron  upon  crystal- 
lizing will  form  needlelike  crystals,  with  their  long  axes  normal 
to  the  surfaces  of  the  mould.  If  the  iron  is  at  the  proper  tempera- 
ture and  the  quantity  small,  compared  to  the  mass  of  the  mould,  the 
whole  of  it  will  be  chilled,  or  set,  in  the  hard  needlelike  crystals 
VOL.  IX. — 25 
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jnst  mentioned.  If  the  mass  of  molten  iron  is  comparatively  large, 
only  a  part  of  the  mass,  next  the  surface  will  be  chilled,  and  near 
the  inner  edge  of  the  chilled  part  will  be  found  numerous  specks  of 
graphite,  which  have  the  appearance  of  having  been  driven  out  in 
the  operation  of  chilling.  The  mould  in  this  case  may  not  be  a 
magnet,  but  it  acts  like  one. 

Chilled  iron,  in  resistance  to  compression  or  abrasion,  has 
enormous  strength,  as  may  be  seen  by  the  thousands  of  miles  run  by 
chilled  car-wheels,  or  in  the  case  of  the  hammer-die,  which  will  resist 
millions  of  blows  upon  steel  hammered  until  it  is  black  and  very 
hard. 

The  same  structure  may  be  observed  in  ingots  of  steel  when  they 
are  in  the  condition  which  the  raelters  call  "scalded,'^ — in  reality 
when  they  are  chilled.  A  better  name,  perhaps,  and  one  much  in 
use,  is  ^'  polarized  ingots,"  and  for  the  present  we  will  use  this  term. 
A  polarized  ingot  looks  very  much  like  chilled  cast  iron,  and  like 
it  breaks  very  easily  along  the  planes  of  cleavage,  parallel  to  the 
axes  of  the  crystals. 

Like  chilled  iron,  polarized  steel  may  be  reduced  to  an  entirely 
amorphous  arrangement  of  crystals  by  a  good  red  heat,  continued 
for  some  hours,  to  give  the  crystals  time  to  rearrange  or  disarrange 
themselves.  Unlike  chilled  iron,  polarized  steel  is  not  hard,  offers 
no  great  resistance  to  any  strains,  and  has  no  industrial  value.  This 
is  due,  doubtless,  to  an  insufficiency  of  carbon. 

There  is  a  similar,  but  not  an  identical,  polarization  of  crystals, 
dispersed  through  the  mass  of  steel  ingots,  which  appear  when  there 
is  a  certain  quantity  of  carbon  present;  but  above  and  below  a  small 
range  of  carbon,  this  polarization  disappears  or  changes  its  character. 
I  shall  refer  to  this  latter. 

If  pieces  of  soft  iron  or  of  mild  steel  be  heated  and  quenched  in 
water,  they  will  not  harden.  If  the  same  pieces  be  magnetized  they 
will  not  retain  the  magnetism.  If  the  iron  be  converted  into  very 
hard  blister  steel,  and  worked  into  shear  steel,  it  will  harden,  and 
then,  if  magnetized,  it  will  retain  its  magnetism ;  and  the  mild  steel 
could  be  converted  in  the  same  way.  If  a  permanent  magnet  be 
heated  it  will  lose  its  magnetism  as  the  temperature  is  raised,  and 
regain  it  as  the  temperature  is  lowered.  If  the  magnet  be  heated  to  a 
white  heat,  or  to  a  high  yellow  heat,  it  will  lose  its  magnetism  en- 
tirely, and  also  at  the  same  heat  the  steel  will  lose  its  temper. 

If  pieces  of  steel  of,  say,  0.40,  0.50,  0.60,  0.70,  0.80,  0.90,  1.00, 
and  1.10  per  cent,  carbon,  be  sent  to  a  magnet  maker  for  trial  he  will 
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invariably  select  samples  containing  about  0.90  carbon  as  giving  the 
best  results.  If  tables  of  physical  tests  of  steel  be  examined,  and 
notably  Kirkaldy's  tests  of  Fagersta  steel,  the  highest  resistance  to 
all  strains  except  compression  will  be  found  at  about  0.90  carbon.  If 
the  polarization  before  referred  to  as  not  due  to  chilling,  be  examined, 
its  most  perfect  development  will  be  found  at  about  0.90  carbon. 
If  the  great  majority  of  all  steels  adapted  to  the  greatest  variety 
of  uses,  and  giving  the  highest  results  as  to  strength,  retention  of  a 
keen  edge,  etc.,  be  examined,  they  will  be  found  to  be  about  0.90 
carbon. 

A  bar  of  hardened  steel  when  magnetized  retains  its  magnetism 
indefinitely;  and  the  magnet  may  be  loaded  far  beyond  its  original 
capacity  by  the  addition  of  a  small  weight  day  by  day,  but  this 
increased  capacity  is  lost  immediately  if  the  load  is  removed. 
Similarly  the  elastic  limit  of  iron  or  steel  may  be  raised  by  repeated 
straining  between  the  limits  of  elasticity  and  rupture,  as  has  been 
proved  by  Professor  Thurston  ;  but  he  has  not  shown  that  there  is 
any  reliable  permanent  increase  of  the  limit  of  elasticity  which 
would  justify  an  engineer  in  taking  advantage  of  this  apparent 
increase  of  strength. 

There  seems  to  be  a  connection  between  pararaagnetics,  diamag- 
netics,  and  the  character  of  alloys  of  iron  containing  them.  For 
instance,  we  have  among  the  paramagnetics :  iron,  nickel,  cobalt, 
manganese,  chromium,  titanium,  cerium,  palladium,  platinum,  os- 
mium, oxygen.  Among  the  diamagnetics  we  have  bismuth,  anti- 
mony, tin,  lead,  mercury,  gold,  silver,  zinc,  copper,  glass,  phos- 
phorus, sulphur,  mercury,  jet.  As  far  as  ordinary  experience  or  the 
records  teach  us,  every  one  of  the  above  pararaagnetics,  except 
oxygen,  will  form  useful  alloys  with  iron  ;  and,  on  the  other  hand, 
not  one  of  the  diamagnetics  named,  except  carbon,  forms  any  useful 
alloy,  and  most  of  them  are  rank  poisons  in  steel. 

An  investigation  by  means  of  magnetism  seems  justifiable  on  other 
grounds.  If  a  piece  of  steel  be  powerfully  magnetized,  it  is  found 
to  be  lengthened  in  the  direction  of  the  force,  and  reduced  in  section 
in  a  direction  perpendicular  to  the  force.  Here  then  is  a  change 
of  form,  but  no  change  of  volume;  in  other  words,  we  have  exten- 
sion of  length  and  reduction  of  area,  or  the  exertion  of  a  force 
which,  measured  in  the  ordinary  way  on  a  bar  one  inch  square, 
would  represent  the  application  of  a  strain  of  something  over  fifty 
thousand  pounds. 

If  a  bar  of  steel  be  magnetized  suddenly,  a  clink  is  heard  at  the 
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beginning  and  the  end  of  the  operation.  AYho  will  assert  that  a  bar 
might  not  be  actually  ruptured  in  this  way  as  well  as  by  awkward 
management  in  quenching  it  to  harden  it? 

A  majrnetic  needle  is  said  to  be  in  common  use  in  Woolwich 
Arsenal  for  the  detection  of  flaws  in  iron  and  steel,  and  a  very  inge- 
nious instrument  was  described  before  this  Institute  for  determining 
the  carbon  in  steel  by  means  of  magnetic  deflections.*  The  latter 
instrument  may  not  be  exact  enough  in  carbon  determinations,  but 
it  might  be  made  very  useful  in  helping  to  determine  total  quanti- 
ties of  iron  and  substances  not  iron,  or,  possibly,  to  determine  the 
totals  of  paramagnetics  and  diamagnetics  present  in  a  given  specimen. 

Ingenuity  and  research  might  point  out  many  more  comparisons, 
but  surely  enough  has  been  shown  to  justify  the  assertion  that  it 
would  be  well  worth  while  to  investigate  the  subject  thoroughly. 
If  a  little  needle  will  point  out  every  defect  in  the  interior  of  a  huge 
forging,  if  a  delicate  pendulum  will  indicate  quantities  of  iron  and 
substances  not  iron,  if  an  obedient  force  held  in  a  little  instrument 
in  one  hand  may  be  made  to  produce  an  eflect  in  a  piece  of  steel 
passed  over  it  by  the  other  hand  equal  to  a  strain  of  more  than  fifty 
thousand  pounds,  who  will  say  that  the  great  Emery  testing  ma- 
chine may  not  some  day  be  declared  a  very  cumbersome  and  unneces- 
sary piece  of  apparatus?  Is  it  not  possible  that  the  engineer  of  the 
future  will  carry  with  him  in  a  gripsack  all  of  the  tools  necessary  to 
tell  him  what  he  needs  to  know  about  the  material  he  is  getting  for 
his  structures  ? 

The  phenomenon  of  ^^ consequent  points''  ought  not  to  be  over- 
looked, as  it  is  more  than  probable  that  they  are  due  either  to 
internal  defects  or  injurious  local  strains. 

In  conclusion,  I  have  only  to  repeat  the  hope  that  the  suggestions 
and  analogies  to  which  I  have  called  attention  may  be  fruitful  in 
other  and  abler  hands. 


A  NEW  BOTTOM  FOB  BESSEMEB  CONVEBTEBS. 

BY  CHARLES  F.  MANNESS,  SCRANTON,  PA. 

In  the  great  increase  of  product  which  has  been  accomplished  in 
the  American  Bessemer  plant,  through  improvements  in  machinery 
and  refractories,  and  by  more  perfect  skill  in  their  manipulation, 

*  Transactions,  vol.  v,  381. 
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the  converter  bottom,  in  this  country,  has  undergone  no  essential 

Fig.  I. 


change. 


Its  modifications  a-nd  improvements,  although  not  unimportant, 
have  consisted,  as  far  as  the  writer  is  aware,  of  merely  changes  in 


Fig.  2. 


the  size,  nature,  and  position  of  the  joint  connecting  it  to  the  main 
body  of  the   converter.     The  tuyeres  have  always   been  vertical. 


390      THE   INDUSTRIAL   SCHOOL   FOR   MINERS   AND    MECHANICS. 

The  manner  in  which  these  bottoms  wear  indicates  that  the  metal 
when  subjected  to  blast  is  thrown  into  small  but  powerful  eddies, 
encircling  each  air-jet.  The  tuyeres  are  thus  worn  away,  while  the 
solid  part  of  the  bottom  is  yet  comparatively  good. 

This  fact  suggested  the  setting  of  the  tuyeres  in  an  inclined 
position  and  leaving  the  bottom  solid.  This  construction  has  been 
adopted  by  Mr.  John  O.  Stanton  and  myself  in  the  converter  bottom 
to  which  your  attention  is  asked. 

It  is  so  constructed  as  to  be  applicable  to  any  converter.  The 
joint  is  a  little  above  the  top  level  of  the  cast-iron  ring  which  forms 
the  bottom.  Each  tuyere  stands,  when  blowing,  at  an  angle  of 
about  45°,  entering  the  vessel  in  the  side  wall  next  to  the  solid  surface 
of  the  bottom,  and  injects  the  air  in  an  inclined  direction.  The  cuts 
which  accompany  this  description  will,  I  think,  explain  themselves. 

Fig.  1  is  a  central  vertical  section  through  the  lower  part  of  a 
converter  with  this  bottom  attached.  On  the  right-hand  side  is 
shown  a  tuyere  in  position.  Fig.  2  is  duplex.  The  upper  half  is 
the  bottom  as  seen  from  above,  the  lower  half  as  seen  from  below. 

In  working  out  the  idea  of  the  angle  tuyere  I  have  introduced 
some  things  which  I  know  will  be  of  great  advantage  in  practice, 
such  as  a  port-hole  and  hand-hole  for  each  tuyere,  etc.,  but  I  will 
not  take  time  to  describe  them,  as  they  may  not  be  new  to  all. 

I  think  that  the  horizontal  motion  given  to  the  air  will  keep  it 
longer  in  the  metal,  and  that  a  given  volume  of  air  will  do  more 
service  by  being  more  thoroughly  consumed,  and  thus  shorten  the 
blow.  The  tuyeres  ought  to  last  longer,  as  the  falling  metal  will 
not  have  as  good  a  chance  to  work  on  the  angular  as  on  the  vertical 
tuyere;  and  as  the  solid  part  of  the  ordinary  bottoms  last  much 
longer  than  the  tuyere  part,  I  think  a  bottom  entirely  solid  will  last 
a  great  many  heats. 

I  hope  at  our  next  meeting  to  be  able  to  report  a  practical  test  of 
this  bottom  which  I  intend  to  make  at  Scranton. 


THE INDU8TBIAL  SCHOOL  FOB  MINEBS  AND  MECHANICS, 
AT  DBIFTON,  LUZEBNE  CO.,  PA. 

BY   OSWALD  J.    HEINRICH,  PRINCIPAL. 

At  the  Baltimore  meeting  of  the  Institute  in  February,  1879,  Mr. 
Eckley  B.  Coxe,  then  president  of  the  Institute,  called  attention  in 
his  address  to  the  subject  of  Secondary  Technical  Education,  and 
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gave  an  outline  of  a  scheme  for  a  school  for  boys,  which  it  was  intended 
to  start  at  Drifton,  Pa.,  on  the  general  plan  of  the  Steigerschulen  of 
Germany.  This  school  was  first  opened  .on  May  7th,  1879,  when 
twenty-nine  applicants  for  admission,  from  12  to  24  years  of  age, 
were  examined.  Of  these  eleven  were  admitted,  the  others  being  con- 
sidered either  too  young  or  too  deficient  in  primary  education  to  profit 
by  the  instruction.  In  order  that  parents  might  be  encouraged  to 
send  their  children  to  the  public  schools,  it  was  thought  best  not  to 
receive  pupils  under  15  years  of  age. 

The  number  in  each  class  was  limited  to  sixteen,  so  that  each  boy 
might  receive  proper  attention.  Of  the  first  class  only  eight  passed 
through  the  full  year's  course.  At  the  end  of  the  year,  on  June  29th, 
1880,  a  public  examination  was  held  with  the  most  gratifying  suc- 
cess. 

The  second  year  opened  on  the  1st  of  September,  1880.  Nine 
candidates  were  then  admitted  after  examination,  and  three  more 
later  in  the  course;  one  pupil  has  been  dismissed.  The  school  now 
comprises  nineteen  pupils,  seven  in  the  advanced  and  eleven  in  the 
preparatory  class.  There  is  also  one  boy  in  attendance  at  the  draw- 
ing lesson  who  is  too  young  for  the  other  classes. 

Thus  far  the  regular  instruction  has  been  given  only  for  two  hours 
each  evening,  Sunday  excepted.  At  times  when  the  pits  are  closed 
the  pupils  are  requested  to  attend  during  the  day  from  9  to  12  a.m. 
and  2  'to  5  p.m.,  the  time  being  occupied  in  the  drawing-room  or  in 
solving  problems,  or  in  review.  If  a  sufficient  number  of  boys  from 
the  regular  classes  are  present,  the  regular  studies  are  pursued  At- 
tendance during  the  day  is,  however,  voluntary. 

The  limited,  and  to  some  extent  uncertain,  time  devoted  to  instruc- 
tion is  a  disadvantage  to  the  school,  but  it  must  be  borne  in  mind 
that  the  school  is  as  yet  an  experiment,  and  that  the  boys  and  their 
parents  have  to  learn  from  experience  that  an  education  is  worth  the 
pecuniary  sacrifice  which  would  be  involved  in  working  half  time 
and  attending  a  day-school. 

The  interest  evinced  by  the  pupils  thus  far  is  very  gratifying,  as 
is  shown  in  the  following  figures,  expressing  their  attendance  and 
progress  during  the  first  three  months  of  the  session  : 

Tor  attendance — Grades,  .      10       9.> 

Number  of  pupils, 
For  progress — Grades, 

Number  of  pupils, 


10 

9} 

9 

^ 

8 

7* 

6.} 

5 

4 

8 

5 

1 

3 

1 

1 

1 

•'2" 

9 

8-1 

8 

7 
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A  grade  of  10  signifies  ^^  perfect''  and  5  "  indifferent."  The  plan 
of  instruction  is,  in  general,  as  follows : 

I.  The  Preparatory  Class. — In  this  class  English  branches  are 
taught — spelling,  reading,  writing,  grammar,  the  elements  of  com- 
position, arithmetic,  and  geography.  An  assistant  teacher  has  charge 
of  these  branches.  Algebra  is  studied  as  far  as  involution  and  evo- 
lution. In  teaching  geometry,  particular  stress  is  laid  on  the  names, 
properties,  and  relations  of  geometrical  figures  in  connection  with 
geometrical  construction  in  drawing.  Both  free-hand  and  mechani- 
cal drawing  are  taught  with  especial  regard  to  developing  artistic  per- 
ception and  the  power  of  correct  expression.  Object  lessons  are  also 
given  to  stimulate  the  reasoning  faculties,  which  we  often  find  but 
very  imperfectly  developed.  In  this  preparatory  class  it  is  intended 
to  admit  boys  under  15  years,  that  they  may  be  w^ell  drilled  in  the 
elementary  branches  and  better  prepared  for  the  next  class. 

II.  The  Junior  Class. — In  this  class  the  English  branches  are  con- 
tinued, particular  attention  being  paid  to  composition.  The  elements 
of  bookkeeping  are  also  taught,  which  serves,  by  the  way,  for  an  exer- 
cise in  writing  and  arithmetic.  Algebra  is  continued  to  equations 
of  the  second  degree,  with  one  or  more  unknown  quantities,  series,  and 
exponential  equations  including  logarithms. 

The  boys  are  also  drilled  in  mental  arithmetic  and  algebra  to  de- 
velop the  power  of  quick  perception  and  decision.  The  course  in 
geometry  is  completed,  including  trigonometry,  mensuration,  and  solid 
geometry.  There  is  also  provided  an  elementary  course  in  analytical 
geometry,  which  is  taught  as  algebraic  projection  in  relation  to  geom- 
etrical projection  and  mathematical  drawing.  Geometry  is  divided  into 
two  parts— ^algebraic  and  practical  geometry.  In  the  first  the  sub- 
ject is  developed  algebraically,  with  the  aid  of  the  trigonometrical 
properties  of  angles ;  in  the  second,  the  practical  applications  are  seen 
in  the  solution  of  problems  and  in  construction  of  figures  both  on  the 
drawing  board  and  in  the  field.  A  course  in  geometrical  projection 
aims  to  give  the  pupil  facility  in  drawing  any  figure  in  plan,  eleva- 
tion, or  section  which  may  be  called  for,  both  with  instruments  and 
free-hand. 

In  the  course  of  mathematical  physics,  instruction  is  given  in  the 
elements  of  natural  philosophy.  To  save  time  the  mechanical  por- 
tions, as  for  instance,  the  laws  of  motion,  centre  of  gravity,  the  me- 
chanical forces,  etc.,  are  treated  mathematically,  and  the  course  be- 
comes thus  a  combination  of  elementary  mechanics  and  natural 
philosophy.     Where  feasible,  experimental  demonstrations  are  given. 
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Chemistry  is  taught  so  that  tlie  pupils  may  become  acquainted 
with  names,  properties,  and  combining  proportions  of  the  most  impor- 
tant elements,  particularly  with  those  which  enter  into  the  compo- 
sition of  the  common  minerals.  Simple  chemical  tests  for  minerals 
are  also  taught.  The  instruction  in  mineralogy  and  lithology  is 
confined  to  the  more  generally  occurring  minerals  and  rocks,  and 
those  in  which  the  miner  or  manufacturer  has  the  most  immediate 
practical  interest.  In  this  junior  class  a  thorough  knowledge  of  ele- 
mentary mathematics  and  drawing  is  considered  the  basis  for  all 
subsequent  instruction. 

III.  The  Senior  Class. — The  course  of  instruction  laid  out  for  this 
class  will  include  the  writing  of  a  plain,  intelligible  report  upon 
some  practical  subject,  either  directly  from  investigation  or  from 
memory.  This  concludes  the  instruction  in  English  branches.  In 
the  drawing-room  the  work  will  include  the  elements  of  construction 
in  wood,  stone,  and  metal,  making  working  drawings,  and  designing 
simple  structures  and  machinery.  Lectures  will  accompany  this 
course. 

The  subject  of  mining  will  be  treated  systematically  under  the  fol- 
lowing heads: 

I.  Mining;  including, 

1.  The  useful  minerals  and  metals;   their  occurrence,  and  the 
methods  for  their  exploration. 

2.  The  various  means  employed  for  the  extraction  of  ores,  etc. 

3.  The  opening  and  laying  out  of  mines. 

4.  The  method  of  exploitation. 

5.  The  maintenance  of  mines  in  good  order. 

6.  Transportation. 

7.  Drainage. 

8.  Ventilation. 

9.  Mine  surveying  and  mapping. 

10.  Accidents  in  mines,  and  their  prevention. 

II.  Mining  accounts,  contracts,  and  estimates. 

12.  Hygiene  of  mines,  with  the  remedies  to  be  adopted  in  case  of 
accident. 

II.  Preparation  of  the  useful  minerals  for  smelting  or  for  market, 
which  will  include  the  machinery  used  in  ore-dressing  and  in  the 
mechanical  preparation  of  coal. 

During  the  senior  year  there  will  be  practical  exercises  in  the 
mine  and  in  the  field,  which  will  involve  the  presentation  of  reports 
to  the  principal. 
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It  is  possible  that  there  may  be  formed  a  fourth  class,  to  be 
known  as 

IV.  The  Expert  Class. — This  class  will  enable  pupils  and  gradu- 
ates at  their  leisure  to  continue  their  studies  with  the  instructors 
outside  of  the  regular  classes,  and  thus  perfect  themselves  in  certain 
branches  already  gone  over,  or  to  take  up  studies  not  provided  for  in 
the  course. 

It  is  required  that  all  the  pupils  must  have  regular  work  in  the 
mines  or  in  the  shops,  and,  as  far  as  possible,  arrangements  are  made 
to  accommodate  them. 

The  instruction  is  entirely  free,  the  pupils  providing  only  their 
books  and  materials.  Annual  public  examinations  take  place  and 
prizes  are  awarded  to  the  best  scholars. 

The  school-rooms  are  in  Cross  Creek  Hall,  a  large  building  106  X 
51 J  feet,  having  a  basement  room  12  feet  high  and  an  upper  hall  42 
feet  high.  In  the  basement  are  the  office  of  the  principal,  18X14 
feet,  two  large  class-rooms,  31X22  feet  and  32X15  feet,  and  a  draw- 
ing-room 28X18  feet.  There  are  also  a  lecture-room,  49X30  feet, 
and  a  reading-room  with  a  library  the  same  size,  all  for  school  pur- 
poses. The  reading-room  is  open  every  evening  for  the  use  of  the 
employes.  A  separate  building,  34X16  feet,  contains  the  laboratory 
and  lecture-room  for  chemistry  and  mineralogy.  The  school-rooms 
are  open  all  day  and  until  9  o'clock  in  the  evening.  They  are  all 
lighted  by  gas  and  heated  by  steam.  Collections  of  apparatus  and 
minerals  for  purpose  of  instruction  have  been  commenced,  and  it  is 
the  aim  to  illustrate  the  lectures  as  far  as  possible  by  facts  from  every- 
day practice.  The  instruction  is  given  by  the  principal,  assisted  by 
Mr.  D.  D.  Davidson,  a  graduate  of  Lafayette  College,  who  teaches 
the  English  branches,  bookkeeping,  and  elementary  mathematics. 

It  is  in  the  highest  degree  gratifying  to  record  the  praiseworthy 
conduct  and  punctual  attendance  of  the  boys ;  and  the  progress  in 
their  studies  has  been  very  fair,  considering  their  previous  igno- 
rance. 

The  nationalities  represented  in  the  school  are  as  follows : 

Americans  (9  of  Irish  descent), 12 

Welsh, 3 

Irish, 2 

Swede, 1 

French, 1 

A  noteworthy  change  is  noticed  in  the  pupils  with  regard  to  their 
appearance  and  dress,  which  are  much  improved  by  their  attendance 
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at  the  school.  The  effect  of  the  school  is  also  shown  in  the  expres- 
sions of  regret  heard  from  many  young  men  that  they  had  not  en- 
tered the  school  at  the  start,  and  some  of  the  foremen  deplore  the 
fact  that  there  was  not  such  a  school  when  they  were  boys.  The 
success  of  this  school,  let  us  hope,  will  induce  others  in  charge  of 
large  works  or  mines  to  try  the  experiment. 

It  is  to  be  recommended  to  start  first,  a  preparatory  class,  say  three 
evenings  a  week,  and,  in  addition,  to  use  the  day  hours  when  the  mines 
or  works  are  idle.  When  the  boys  are  well  prepared,  a  day-school, 
every  afternoon  for  two  years  is  desirable,  the  mornings  being  spent 
in  practical  work  in  the  mines  or  shops.  They  should  not,  however, 
be  employed  in  routine  duties,  such  as  picking  slate,  pushing  cars, 
tending  doors,  etc.  Such  work  tends  to  blunt  the  perceptions  and 
stupefy  the  mind.  If  the  suggestion  above,  of  an  expert  class,  is 
carried  out  for  boys  who  have  passed  through  the  school,  a  very 
considerable  technical  training  may  be  accomplished  without  taking 
an  inordinate  amount  of  time  from  working  hours,  or  any  consider- 
able expenditure  of  money.  The  school  must  adapt  itself  to  the 
works,  which  in  turn  must  give  aid  and  encouragement  to  the  school. 
This  co-operation  is  attained  in  some  industrial  sections  of  Europe, 
and  I  do  not  see  whv  it  cannot  be  introduced  with  us. 

The  keynote  of  success,  let  me  say  in  conclusion,  is  not  to  en- 
endeavor  to  turn  out  young  engineers,  but  to  raise  up  intelligent 
foremen. 


TEB  AMOUNT  OF  MANGANESE  BEQUIRED    TO  BEMOVE 

THE  OXYGEN  FB03I  IRON  AFTER  IT  HAS  BEEN 

BLOWN  IN  A  BESSEMER  CONVERTER. 

BY  S.  A.  FORD,  EDGAR  THOMSON  STEEL  WORKS,  PITTSBURGH,  PA. 

I  WOULD  like  to  call  the  attention  of  our  Bessemer  steel  manu- 
facturers to  a  few  facts  in  regard  to  the  action  of  the  manganese  in> 
the  Spiegel  with  the  oxide  of  iron  in  the  blown  iron. 

The  oxygen  is  united  with  the  iron  as  a  magnetic  oxide,  as 
Gautier  asserts,  and  this  oxide  is  reduced  to  a  protoxide  by  one 
atom  of  the  manganese  uniting  with  one  atom  of  the  oxygen  of  the 
magnetic  oxide  of  iron.  This  oxide  of  manganese  and  the  protoxide 
of  iron  thus  formed  unite  with  the  silica  which  has  been  formed  by 
the  oxidation  of  the  silicon  in  the  pig  iron.     Mr.  Snelus  and  others 
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report  finding  in  the  blown  iron  from  .29  per  cent,  to  .35  per  cent, 
of  oxygen. 

Many  of  our  manufacturers,  in  making  up  their  mixtures  of  Spie- 
gel, take  the  .35  per  cent,  of  oxygen  as  the  basis  of  calculation,  and 
think  that  the  whole  of  it  unites  with  the  manganese,  and  add  spiegel 
accordingly,  while  in  fact  one-fourth  of  the  .35  per  cent,  is  all  that 
is  removed  by  the  manganese. 

I  find  that  this  amount  is  not  at  all  constant;  it  varies  according 
to  the  amount  of  manganese  contained  in  the  iron  after  the  heat  has 
been  blown.  I  think  the  fact  that  w^e  liave  been  adding  enough 
manganese  to  unite  with  the  whole  of  the  .35  per  cent,  of  oxygen 
caused  a  superintendent  of  one  of  our  largest  Bessemer  works  to 
remark  that  he  never  made  any  calculation  regarding  the  amount  of 
manganese  his  steel  would  contain,  for  if  he  did  he  invariably  went 
astray,  so  he  preferred  to  add  manganese  by  the  rule  of  thumb. 

Several  months  ag^o  the  Edg-ar  Thomson  Steel  Works  had  trouble 
as  to  the  amount  of  manganese  in  their  special  steels,  analysis  show- 
ing from  .6  per  cent,  to  .7  per  cent,  in  them,  while  the  superin- 
tendent of  the  converting  department  (who  makes  his  calculations 
on  the  basis  of  .35  per  cent,  of  oxygen)  claimed  that  there  could  not 
be  that  amount  of  manganese  in  the  steel,  as  he  only  put  in  200 
pounds  of  69  per  cent,  ferromanganese  in  a  charge  of  17,900  pounds 
of  iron.  ISTow,  by  assuming  that  .35  per  cent,  of  oxygen  is  removed 
by  the  manganese,  this  200  pounds  of  ferromanganese  would  not  give 
enough  manganese,  there  being  56.38  pounds  of  oxygen  in  the  iron, 
and  only  138  pounds  of  manganese  in  the  200  pounds  of  69  per  cent, 
ferromanganese  added.  The  56.38  pounds  of  oxygen  would  require 
193.88  pounds  of  manganese  for  its  complete  removal  as  oxide  of 
manganese.  If,  therefore,  the  .35  per  cent,  of  oxygen  were  the 
actual  amount  that  united  with  the  manganese,  then  the  200  pounds 
of  ferromanganese  was  not  enough,  and  some  oxide  of  iron  would  be 
left  in  the  steel  and  no  manganese,  or,  at  most,  only  a  trace,  instead 
of  the  .716  per  cent,  found  by  analysis. 

In  order  to  get  at  the  bottom  of  this  matter,  I  first  analyzed  the 
pig  iron,  then  the  iron  that  ran  into  the  converter  from  the  cupola. 
I  found  1.945  per  cent,  of  manganese  in  the  former,  and  in  the  latter 
.987  per  cent.  The  ferromanganese  I  found  contained  68.9  per  cent,  of 
manganese,  while  in  the  iron,  after  it  had  been  blown,  there  was  .024 
per  cent.  The  heat  of  17,900  pounds  of  metal  had  then  185  pounds  of 
the  ferromanganese  added  to  it,  and  this  steel  had  .608  per  cent,  of 
manganese.  I  found  that  .63  per  cent  of  the  iron  was  oxidized  in  blow- 
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ing,  and  this  .63  per  cent,  of  iron  makes  .87  per  cent  of  the  magnetic 
oxide,  and  this  .87  {)er  cent,  contains  .24  per  cent,  of  oxygen.  Now, 
only  one-fourtli  of  this  amount,  or  .06  per  cent.,  according  to  Gautier, 
unites  with  the  manganese.  By  calculation  it  is  found  that  instead 
of  having  56.38  pounds  of  oxygen  to  be  removed,  there  is  but  9.66 
pounds,  and  instead  of  being  compelled  to  have  193.88  pounds  of 
manganese,  or  280  pounds  of  69  per  cent,  ferromanganese,  33.23 
pounds  of  manganese,  or  48.23  pounds  of  the  68.9  per  cent,  ferro- 
manganese, is  all  that  is  required  to  remove  the  oxygen.  This  steel, 
to  which  185  pounds  of  the  ferromanganese  had  been  added,  should 
have,  therefore,  .609  per  cent,  of  manganese,  for  there  was  .024  per 
cent,  of  manganese  in  the  blown  iron,  and  the  amount  of  ferro- 
manganese which  was  added  would  put  .585  per  cent,  in  the  steel, 
carrying  the  total  to  .609  per  cent.  By  analysis,  .608  per  cent,  was 
found — a  proof  of  the  correctness  of  our  assumption.  We  now, 
therefore,  instead  of  adding  manganese  haphazard,  not  knowing 
what  we  will  get  in  the  steel,  can  calculate  to  within  .02  or  .03  per 
cent,  of  the  amount  that  it  will  contain. 


METHOD  FOB   THE  ESTIMATION  OF  MANGANESE  IN 
SPIEGEL S,   IBONS,   AND  STEELS. 

BY  S.    A.   FORD,   EDGAR   THOMSON"  STEEL   W^ORKS,   PITTSBURGH,   PA. 

A  SHORT  and  accurate  method  for  the  estimation  of  mano^anese  in 
iron  and  steel  is  of  great  advantage  to  Bessemer  works,  and  I  think 
it  may  be  of  interest  to  some  of  the  members  of  the  Institute  to  give 
in  detail  the  process  in  use  in  the  laboratory  of  the  Edgar  Thomson 
steel  works.  The  process  is  based  on  the  reaction  first  described  by 
Beilstein  and  Jawein.'*'  The  steel,  spiegel,  or  iron  is  dissolved  in 
strong  nitric  acid,  sp.  gr.  1.4.  Evaporation  to  dryness  is  not  nec- 
essary, unless  the  amount  of  silicon  is  large,  as  in  the  case  of  certain 
pig  irons.  Then,  as  a  clogging  of  the  filter  in  the  subsequent  filtra- 
tion is  apt  to  follow,  dissolve  first  in  a  dish  in  hydrochloric  acid, 
quickly  evaporate  to  dryness,  redissolve  in  the  strong  nitric  acid, 
boil,  and  while  boiling  throw  in  crystals  of  chlorate  of  potash  from 
time  to  time.  Violent  action  ensues,  yellow  fumes  are  given  oif,  and 
binoxide  of  manganese  is  precipitated,  since  it  is  insoluble  in  strong 

*  Berichte  der  deutsclien  chemischen  Gesellschaft,  vol.  xii,  page  1528. 
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nitric  acid.  As  soon  as  all  of  the  manganese  has  been  oxidized  the 
fumes  will  cease  coming  off  with  a  slight  explosion.  After  this  has 
occurred,  add  a  few  more  crystals  of  the  chlorate  of  potash,  boil  for 
a  minute  or  two,  remove  from  the  light  and  filter  through  asbestos. 
This  I  do  by  the  aid  of  a  filter  pump,  employing  a  small,  funnel- 
shaped  tube,  such  as  is  usually  used  for  filtering  the  carbon  from  a 
solution  of  iron  in  the  double  chloride  of  ammonium  and  copper. 
This  tube  is  inserted  into  a  doubly  perforated  cork,  which  fits  a  wide- 
mouthed  flask,  and,  by  means  of  the  other  perforation,  is  made  the 
attachment  to  the  pump. 

Having  fitted  the  cork  thus  arranged  into  the  flask,  put  into  the 
tube  a  plug  of  asbestos  through  which  the  nitric  acid  solution  of  the 
iron  is  filtered.  The  manganese  will  all  remain  upon  the  filter  ;  I 
have  never  found  a  trace  of  manganese  in  the  filtrate.  Rinse  then 
the  dish  or  beaker  in  which  the  iron  w^as  dissolved  with  strong  nitric 
acid,  pour  it  upon  the  filter  and  wash  with  strong  nitric  acid  until 
the  washings  come  through  colorless.  The  funnel-shaped  tube  is  re- 
moved from  the  flask  ;  the  filter,  with  its  contents,  pushed  back  into 
the  dish  or  beaker  in  which  the  solution  was  made,  hydrochloric  acid 
added  and  boiled  until  the  binoxide  of  manganese  is  dissolved  as  chlo- 
ride. The  asbestos  is  then  filtered  off.  In  doing  this  it  is  best  to  resort 
to  the  pump  and  the  same  tube,  filtering  into  another  flask ;  wash  with 
hot  water ;  nearly  neutralize  with  ammonia ;  add  a  very  small  quan- 
tity of  acetate  of  soda  and  boil ;  filter  ;  wash  slightly  with  hot  water ; 
redissolve  the  small  quantity  of  oxide  of  iron  in  hydrochloric  acid 
(as  I  always  find  it  contains  a  small  amount  of  manganese,  no  matter 
how  thoroughly  washed),  and  again  nearly  neutralize  with  ammonia 
and  add  a  small  crystal  of  the  acetate  of  soda,  boil  and  filter.  Add 
this  filtrate  to  the  first  filtrate,  heat  to  nearly  boiling,  and  add  an 
excess  of  microcosmic  salt.  Then  make  slightly  aramoniacal  and 
boil,  stirring  until  the  precipitate  assumes  the  well-known  silky  ap- 
pearance of  the  phosphate  of  ammonia  and  manganese.  Allow  to 
settle  and  filter ;  wash  with  hot  water,  dry,  ignite,  and  weigh  as 
pyrophosphate  of  manganese. 

This  process  works  exceedingly  well  on  blast-furnace  slags,  which 
should  be  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness. 
The  nitric  acid  is  then  added  and  the  process  continued  the  same  as 
for  steel  or  iron.  To  free  it  from  the  lime,  however,  a  more  thorough 
washing  with  the  strong  nitric  acid  is  required. 

The  great  advantage  of  this  method  is  its  brevity  and  simplicity, 
a  person  with  some  little  practice  being  able  to  complete  three  or  four 
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determinations  in  two  hours.  There  is  no  large  precipitate  to  wash, 
as  in  Mr.  Pattinson's  process,  and  the  necessity  of  several  standard- 
ized solutions  is  avoided.  It  gives  results  which  vary  but  slightly 
the  one  from  the  other,  the  difference  never  being  greater  than 
one  or  two  hundredths  of  one  per  cent.,  and  the  results  accord  very 
closely  with  those  obtained  by  the  long,  tedious  acetic  process.  In 
the  iron  solution  filtered  from  the  oxide  of  manganese  I  have  never 
found  a  trace  of  manganese,  and  in  the  solution  filtered  from  the 
phosphate,  neither  bromine  nor  sulphide  of  ammonium  gives  the 
slightest  precipitate  of  manganese.  Evaporation  to  dryness  in  the 
case  of  steels  or  spiegel  is  not  absolutely  necessary,  but  they  may  be 
at  once  dissolved  in  the  strong  nitric  acid,  and  chlorate  of  potash 
added.  I  never  found  a  trace  of  silica  in  the  phosphate  of  man- 
ganese obtained  from  a  steel  or  spiegel  treated  in  this  way. 


AURIFEROUS  SLATE  DEPOSITS  OF  THE  SOUTHERN 

MINING  REGION. 

BY  P.    H.    MELL,    JR.,    M.E.,    PPf.D.,    PROFESSOR   OF   NATURAL  HISTORY 
AND  GEOLOGY,   STATE  AGRICULTURAL  AND  MECHANICAL 
COLLEGE,  AUBURN,   ALA.    * 

Can  the  auriferous  slate  deposits  of  the  Southern  mining  region 
ever  be  successfully  worked?  is  a  question  that  has  been  often  asked 
me  by  persons  seeking  investments  in  Southern  mines.  As  the  sub- 
ject is  one  that  has  given  me  much  thought  during  the  past  few 
years,  I  have  decided  to  present  my  conclusions  to  the  members  of 
the  Institute  for  their  consideration.  Those  who  have  had  the  op- 
portunity of  exploring  the  region  mentioned  above,  will  readily  re- 
call to  mind  numerous  localities,  to  which  their  attention  was  di- 
rected by  would-be  miners,  as  "rich  and  desirable  properties,'Mn 
which  there  were  but  few  quartz  seams  running  in  every  direction 
through  fine-grained  talcose  slate.  Most  of  the  gold  in  such  forma- 
tions was  always  found  disseminated  through  the  slate,  and  but  a 
small  percentage  contained  in  the  quartz.  Such  are  the  deposits  I 
propose  to  discuss  in  this  paper. 

Of  course  there  are  many  excellent  quartz  mines  in  the  South  that 
are  paying  the  owners  good  profits,  and  many  more  to  my  knowl- 
edge, that  are  not  being  worked  for  obvious  reasons.  But  it  is  out 
of  the  question  to  suppose  that  these  slate  deposits  can  be  practically 
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worked  by  the  same  methods  adopted  for  extracting  the  ore  from 
well-defined  and  prominent  quartz  veins.  It  is  true  that  in  many 
instances  these  slate  formations  are  quite  rich  in  gold,  but  this  is  not 
uniformly  the  case,  and,  as  there  is  no  chance  of  sorting  the  ore, 
handling  so  much  crude  and  dead  stuff  in  the  ordinary  way  of  min- 
ino:  and  milling;  would  be  ruinous. 

It  has  been  my  privilege  to  examine  quite  a  large  number  of  these 
formations  in  the  South,  and,  as  a  general  thing,  they  were  found  so 
thoroughly  decomposed,  as  to  render  it  not  at  all  difficult  to  spade 
the  slate,  and  pulverize  the  whole  mass  between  the  fingers.  These 
formations  are  sometimes  several  hundred  feet  in  width,  extending 
to  unknown  depth,  and  varying  in  length  from  a  few  hundred  feet 
to  several  miles.  In  fact,  in  every  respect,  except  as  to  composition 
and  location,  they  bear  a  striking  resemblance  to  the  ordinary  gravel 
deposit. 

Now,  why  cannot  these  slate  formations  be  worked  by  water,  some- 
what in  the  same  way  as  ore  is  concentrated  in  gravel  beds  ?  This 
plan  has,  in  part,  been  adopted  by  N.  H.  Hand  &  Co.,  in  work- 
ing a  property  located  near  the  Pigeon  Roost  region,  Lumpkin 
County,  Ga.  The  idea  seems  to  have  suggested  itself  to  these  enter- 
prising men  from  the  surrounding  circumstances.  It  is  well  known 
that  for  a  number  o{  years  this  company  have  been  supplying  their 
mines  with  water  from  a  well-constructed  ditch  over  26  miles  in 
length,  and  by  means  of  this  ready  agent  they  have  successfully 
worked  the  slate  vein  mentioned  above.  Before  N.  H.  Hand  &  Co. 
took  possession,  the  property  was  very  thoroughly  tested  by  the  old 
plan  of  driving  shafts  and  extracting  the  ore  by  means  of  picks  and 
shovels.  Very  expensive  and  elaborate  machinery  was  employed, 
but  without  success,  and  the  property  was  eventually  abandoned 
with  considerable  loss  to  the  company.  When  the  present  ow^ners, 
therefore,  took  possession,  the  past  history  of  the  mine  contained  but 
little  to  encourage  them  in  the  prosecution  of  the  enterprise.  There 
was  no  regularly  defined  vein  of  quartz,  but  simply  a  large  mass  of 
fine-grained  talcose  slate,  throughout  the  length  and  breadth  of 
which  good  pannings  of  gold  were  obtained.  A  twenty-five  stamp 
battery,  run  by  water,  was  erected  one-half  mile  from  the  mine,  at 
the  lowest  point  accessible.  On  a  high  hill  in  the  neighborhood  of 
the  mine  a  large  reservoir  was  supplied  with  water  from  the  ditch 
mentioned  above,  and  by  means  of  a  '^  Little  Giant,''  in  connection 
with  this  reservoir,  playing  under  a  pressure  of  150  feet  head,  the 
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vein  of  decomposed  slate  and  quartz  was  driven  through  riffle-boxes 
towards  the  mill. 

The  inclination  of  these  boxes  was  sufficient  to  carry  everything 
in  the  nature  of  ore  into  the  mill-liouse,  and  the  force  of  the  water 
being  broken  there  by  mechanical  means,  only  the  finely  pulverized 
slate  and  floating  mud  were  permitted  to  pass  away  and  settle  wher- 
ever opportunities  were  presented  in  the  various  gulches.  It  was  of 
course  necessary  at  times  to  break  up  by  means  of  hammers,  or  other- 
wise, any  larcre  bowlders  that  were  washed  down  from  the  vein  be- 
fore  permitting  them  to  enter  the  riffle-boxes.  But  these  were  of 
such  rare  occurrence  that  two  to  four  men  were  all  that  were  neces- 
sary to  supply  the  mill  with  ore.  The  net  profits  yielded  by  this 
mine  per  week  in  1879,  under  the  above  treatment,  were  §800. 

The  unused  water  power  of  the  Southern  gold  belt  is  immense, 
and  if  companies  could  be  formed  to  build  the  proper  water  ditches 
to  reach  these  present  worthless  properties,  there  would  be  a  wonder- 
ful revolution  and  revival  in  the  mining  interests. 

From  the  geological  reports  of  Georgia  I  find  that  there  are  180 
prominent  streams  in  the  gold  belt  of  that  State,  that  furnish  in  the 
aggregate  26,000  cubic  feet  of  water  per  second,  the  capacity  of  each 
stream  varying  from  2  cubic  feet  upward  as  high  as  3000  cubic  feet 
per  second.  This  amount  of  water  would  give,  with  an  assumed  head 
of  100  feet,  285,640  theoretical  horse-power,  or  190,426  available 
horse-power.  Again,  26,000  cubic  feet  per  second  would  be  equiv- 
alent to  1,560,000  cubic  feet  per  minute,  and  this  volume  of  water 
confined  in  a  ditch  w^ould  supply  about  700,000  miner's  inches. 

North  Carolina  and  Alabama  are  not  behind  Georgia  in  the  sup- 
ply of  water,  and  the  most  of  this  vast  power  is  running  unused  to 
the  sea.  Professor  Kerr,  State  Geologist  of  North  Carolina,  has 
given  in  his  report  a  full  and  interesting  description  of  the  valuable 
streams  of  his  State,  and  in  some  instances  gives  the  estimated  water 
power.  It  would  be  interesting  to  read  this  report  in  connection 
with  this  article. 

Custom  mills  should  be  built  at  intervals  throughout  the  region, 
and  this  water  utilized  for  not  only  washing  dov^n  and  concentrating 
the  ore,  but  also  transporting  it,  if  possible,  to  the  mill  ready  for 
crushing  and  amalgamating.  Upon  actual  experiment  in  Georgia, 
it  has  been  found  that  by  such  treatment  ore  can  be  profitably 
handled  that  yields  but  75  cents  per  ton.  Last  year  the  manager  of 
the  Findley  informed  me  that  where  the  ore  could  be  reached  by  the 
VOL.   IX. — 26 
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water,  he  had  succeeded  in  raining  and  crushing  at  a  cost  of  but  28 
cents  per  ton.  This  was  the  case,  however,  where  the  water  was 
made  not  only  the  mining  but  the  transporting  agent  as  well. 

The  climate  is  delightful  the  year  round,  and  seldom  are  the 
streams  so  locked  up  with  ice  as  to  suspend  all  mining  operations. 
Railroads  are  running  within  a  few  miles  of  the  farthest  point  of  the 
mining  region.  Provis'ions  are  cheap,  and  in  great  abundance.  Labor 
is  to  be  had  in  sufficient  amount,  ranging  in  value  from  50  cents  per 
day  for  ordinary  hands  to  §1.50  per  day  for  mechanics.  The  forests 
are  also  in  their  original  beauty  and  abundance,  and  there  is,  of  course, 
no  lack  of  wood  for  building  and  fuel  purposes.  So,  in  summing 
up,  it  would  not  be  far  from  right  to  assert  that,  with  all  these  ad- 
vantages, the  same  class  of  ore  that  is  now  cast  aside  as  worthless  on 
the -Rocky  Mountain  slopes,  could  be  profitably  worked  in  North 
Carolina,  Georgia,  and  Alabama. 


THE  CONSTBUCTIOJSr  OF  GEOLOGICAL  CROSS-SECTIONS, 

BY   H.    MARTYN   CHANCE,  M.D.,  ASSISTANT  GEOLOaiST,  PENNSYLVANIA 

SURVEY. 

I  HAVE  been  induced  to  present  this  paper  to  the  Institute  be- 
cause I  have  been  unable  to  find  any  publication  containing  a  discus- 
sion of  this  subject.  In  some  of  our  technical  schools  and  colleges 
the  student  is  required  to  construct  or  copy  (generally  the  latter)  a 
number  of  profile  sections  as  part  of  his  routine  work;  but  little 
attention  is  given  to  the  methods  of  projecting  observed  dips  and 
exposures  upon  the  section  line,  and  still  less  to  the  method  of  con- 
structing the  under  (or  above)  ground  curves.  As  a  result  of  this 
lack  of  instruction  every  engineer  or  geologist  is  compelled  to  in- 
vent for  himself  a  system,  or  copy  the  style  of  others. 

Geological  profile  sections  have  frequently  been  used  to  determine 
underground  structure  from  data  obtained  at  the  surface,  but  the 
experience  of  engineers  in  the  anthracite  coal-fields  has  shown  that 
they  are  to  be  relied  upon  only  in  exceptional  instances. 

The  possibility  of  indicating  underground  curvatures  from  dip- 
angles  observed  at  the  surface  has  been  found  to  be  limited  to  a 
mere  approximation  of  the  larger  flexures.  As  a  means  of  predicting 
the  depth  and  shape  of  minor  rolls,  they  have  been  found  most 
unsatisfactory.      In    the    anthracite    coal-fields    the   hypothecated 
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structure  iu  uudoveloped  ground  is  usually  introduced  upon  the 
working  profiles  in  pencil-lines  only,  and  as  development  progresses 
frequent  changes  are  necessitated  by  the  eccentricities  of  individual 
seams. 

I  wish  to  invite  attention  to  the  methods  commonly  used  in  the 
construction  of  cross-sections,  and  to  indicate  some  of  the  reasons 
why  these  must  always  fail  to  give  trustworthy  results. 

We  may  consider  these  points  under  three  heads: 

1.  The  location  of  the  section  line. 

2.  The  projection  of  dips  and  exposures. 

3.  The  construction  of  underground  curves. 


Having  given  a  series  of  exposures  and  dip-angles  located  geo- 
graphically upon  a  map,  the  best  position  for  a  section  is  generally 
conceded  to  be  along  a  line  drawn  midway  between  these  exposures 
and  at  right  angles  to  the  line  of  strike,  i.  e.,  parallel  to  the  direction 
of  the  dip. 

If  the  section  line  cross  is  an  anticlinal  or  synclinal  axis  decidedly 
inclined  to  the  horizon, — that  is,  when  the  opposing  dips  are  not 
parallel  and  the  lines  of  strike  on  opposite  sides  of  the  axis  converge, 
— the  section  may  often  be  best  located  along  a  broken  line,  the 
lengths  of  which  are  drawn  at  right  angles  to  the  local  strike;  or  it 
may  be  constructed  on  a  line  drawn  at  right  angles  to  the  axis,  when 
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this  bisects  the  flexure;  or  on  a  line  drawn  at  right  angles  to  a  line 
bisecting  the  angle  formed  by  the  converging  strike  lines. 

Y 


Fig. 2.  a. 


Thus  in  Fig.  1,  three  coal  beds,  B,  C,  D,  are  exposed  at  the  points, 
B,  C,  D,  D'  and  C,  dipping  as  indicated  by  the  arrows ;   the  line 


Fig.2.5. 


XY  is  the  axis  of  the  flexure,  rapidly  declining  towards  Y.     The 
lines  ?nn,  oj),  qr,  are  water-level  contours  drawn  through  the  different 
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seams,  representing,  therefore,  their  line  of  strike.  The  dotted 
lines  are  introduced  to  show  the  method  of  locating  hypothecated 
horizons. 
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The  best  method  of  constriioting  a  section  through  these  ex])osnres 
is  illustrated  by  Fig.  2,  a  and  h,  in  which  the  section  line  GHI  is 
a  broken  line,  the  segments  of  which,  drawn  parallel  to  the  opposing 
dip-angles,  intersect  on  XY. 

The  resultino^  section  shows  the  absolute  thickness  of  the  strata 
between  B  and  C,  and  between  Cand  D,  and  the  agreement  between 
the  thickness  DC'''  with  that  determined  at  D'G"  furnishes  a  good 
check  on  the  accuracy  of  the  construction. 


Fig.3.& 


Two  very  objectionable  methods  are  shown  by  Fig.  3,  a,  b,  and  c. 
The  section  line  GH  is  drawn  at  right  angles  to  the  axis  XY,  and 
midway  between  the  located  exposures.  The  section.  Fig.  3,  b,  is 
obtained  by  projecting  the  dip-angles  upon  the  section  line,  in  pro- 
longation of  the  line  of  strike.  This  is  the  only  proper  way  of  projecting 

Fig.S.c. 


exposures,  and  will  always  give  a  section  mathematically  correct  for 
the  adopted  alignment,  but  the  thickness  of  measures  as  represented 
by  the  section  is  much  greater  than  the  true  thickness.  This  can 
be  seen  by  comparing  D'C  in  Fig.  2,  b,  with  the  same  line  in 
the  section,  Fig.  3,  b.  When  this  method  is  adopted  a  prominent 
"N.  B."  should  always  direct  attention  to  this  exaggeration. 

The  section,  Fig  3,  c,  shows  the  absurd  construction   that  results 
if  the  dip-angles  are  projected  at  right  angles  to  the  section  line. 
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Difficulties  in  the  identification  of  coal  seams  on  opposite  sides  of 
a  basin  may  frequently  arise  from  distortions  of  this  kind. 

In  the  construction  of  underground  curves,  two  methods  are  in 
general  use : 

1.  By  equal  thickness. 

2.  By  equal  (parallel)  dips. 

The  calculated   thickness  of  each  stratum    is    rigidly  preserved 
throughout  in   the  first   method,  by  making  the  curvature  in  each 

Fig.4. 


seam  concentric  to  those  above  it.     These  curves  are  usually  com- 
pound curves  composed  of  circular  arcs. 

When  the  second  method  is  employed  no  attempt  is  usually  made 
to  preserve  uniformity  of  thickness  along  the  axes  of  anticlinal  or 
synclinal  flexures,  the  opposing  dips  are  prolonged  until  they  inter- 


Fig.  5. 


sect,  and  the  curvature  sketched  in  to  suit  the  fancy  of  the  draughts- 
man ;  but  a  combination  of  this  and  the  preceding  method  is  some- 
times employed. 

The  difference  between  these  two  methods  is  illustrated  by  Figs. 
4  and  5,  in  which  the  surface  observations  are  identical,  but  the 
underground  (hypothecated)  curves  vary  widely.  In  Fig.  4  each 
stratum   preserves   a  uniform    thickness   throughout,  but  in  Fig.  5 


THE   CONSTRUCTION   OF   GEOLOGICAL   CROSS-SECTIONS.        407 

the  prolongation  of  the  opposing  dips  produces  an  augmented  thick- 
ness along  the  synclinal  and  anticlinal  axes. 

As  it  is  evident  that  the  first  method  will  show  the  minimum 
depth  of  any  coal  in  the  basin,  and  the  second  the  probable  maxi- 
mum depth, — in  all  but  exceptional  instances, — a  combination  of 
these  two  methods  is  apparently  preferable,  as  more  nearly  approxi- 
mating the  probable  underground  curvatures.  Such  a  combination 
has  been  employed  by  Some  members  of  the  Geological  Survey  in 
the  construction  of  many  of  the  sections  in  Pennsylvania. 

But  there  is  a  serious  objection  to  any  system,  involving  in  whole, 
or  in  part,  the  method  of  equal  thicknesses,  viz.,  the  gradual  obliter- 
ation of  the  surface  flexures  in  the  underlying  rocks. 


Fig.6. 


This  is  illustrated  by  Fig.  6,  which  is  constructed  partly  on  this 
system.  It  will  be  observed  that  the  steepest  dips  are  along  the  line 
of  observed  exposures;  above  and  beneath  this  line  the  axes  rapidly 
fade  away,  and  can  hardly  be  seen  in  the  basal  stratum.  The  same 
result  obtains  in  the  (restored)  formations  lying  above  the  present 
surface. 

Sections  constructed  on  this  principle  (Figs.  4  and  6)  will,  there- 
fore, always  show  the  maximum  curvatures  along  the  line  of  ob- 
served dips.  It  is  hardly  necessary  to  say  that  any  method  uni- 
formly giving  these  results  must  be  essentially  false.  The  apparent 
regularity  of  profiles  so  constructed  lends  false  pretensions  of  accu- 
racv  to  the  section. 
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Under  one  sequence  of  conditions  only  does  tliis  method  give  results 
approximating  the  true  underground  structure.  Having  reference 
to  Fig.  6,  let  us  suppose  the  lower  strata  to  consist  of  hard,  massive 
sandstones,  or  conglomerates,  and  the  upper  rocks  of  soft  slates  or 
shales.  Tf  a  lateral  compressing  (flexing)  force  acts  upon  this  series, 
the  lower  massive  formation  will  yield  in  curves  of  large  radius, 
while  the  overlying  softer  strata  compressed  in  thetrougli  thus  formed 
will  be  thrown  into  a  series  of  crimples  resulting  in  flexures  similar 
to  those  shown  in  the  section.  If,  on  the  contrary,  the  observed  dips 
in  the  upper  rocks  are  in  hard  strata  underlaid  by  softer  rocks,  these 
latter  would  suffer  the  greatest  contortion,  whereas  the  construction 
shows  them  nearly  flat. 

I  have  lately  made  a  series  of  experiments  on  rock  contortion,  by 
artificially  compressing  layers  of  clay,  paper,  india-rubber,  wax,  etc., 
and  have  attempted  to  deduce  laws  governing  the  relationships  of 
the  resulting  curves,  which  might  be  practically  applied  to  geologi- 
cal sectioning;  but  the  factors  involved  are  so  numerous  and  vary 
between  such  wide  limits  that  it  seems  an  almost  hopeless  task.  I 
have,  however,  arrived  at  some  general  conclusions  that  may  be  of 
service. 

1.  The  subordinate  flexures  or  sub-basins  in  a  synclinal  of  soft 
rocks  underlaid  by  a  hard  resisting  formation,  decrease  in  sharpness 
towards  this  basal  rock. 

2.  If  a  series  of  soft  measures  underlies  this  hard  formation,  it 
may  be  contorted  by  a  series  of  flexures  bearing  no  relation  to  the 
upper  series. 

3.  Where  large  masses  of  approximately  uniform  hardness  are 
contorted  by  compression,  the  resulting  curves  bear  close  comple- 
mentary relations  to  each  other.   (See  Fig.  5  ) 

The  first  of  the  above  propositions  has  already  been  referred  to  on 
a  preceding  page.  When  these  conditions  obtain,  as  in  the  anthra- 
cite coal  basins,  the  coal-measure  rocks  are  crimpled  and  distorted, 
while  their  hard  basal  plate  of  conglomerate  has  been  arched  into 
curves  of  large  radius,  with  flat  dips,  as  proved  by  diamond  drill- 
holes. When  these  conditions  obtain,  the  method  of  equal  thicknesses, 
or  a  modification  of  that  method  (Figs.  4  and  6),  will  give  curves 
more  nearly  approximating  the  underground  structure  than  any 
other  method. 

On  the  Lehigh  River  we  find  a  striking  exemplification  of  the 
second  proposition.  At  Slatington  the  Lower  Silurian  (roofing) 
slates,  No.  Ill,  are  twisted  and  contorted  by  a  complex  series  of  over- 
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turned  flexures.  Above  these  come  the  hard  sandstones  and  con- 
glomerates No.  IV,  forming  the  mountain,  dipping  down  in  gentle 
curves  of  larger  radius  beneath  the  softer  Upper  Silurian  strata  of 
Plazardville  and  Bowmansville.  Tfiese  latter  are  twisted,  faulted,  and 
overturned,  but  these  flexures  can  have  no  possible  relation  to  those 
in  the  roofing  slates,  lying  five  thousand  feet  beneath,  and  separated 
from  them  by  the  hard  rocks  of  No.  IV,  which  reflect  the  minor 
flexures  of  neither  the  former  nor  the  latter.  Under  conditions  sim- 
ilar to  these  it  is  of  course  utterly  impossible  to  indicate  the  curves 
of  the  lower  formation  from  any  data  obtained  from  the  upper  rocks. 

The  conditions  of  the  third  proposition  are  strikingly  shown  by 
cross-sections  of  the  coal  measures  in  some  parts  of  France,  in  which 
the  various  coal  seams  are  bent  in  a  series  of  parallel  zigzag  lines. 
Here  the  second  method,  i.  6.,  by  equal  dips,  is  peculiarly  applicable. 

When  the  observed  dips  are  in  a  hard,  massive  formation  under- 
laid by  softer  rocks,  the  underground  curves  are  always  indetermin- 
able. 

Too  much  reliance  is  often  placed  upon  geological  cross-sections  as 
a  means  of  determining  underground  structure.  In  this  their  util- 
ity is  limited,  but  as  a  means  of  estimating  rock  thickness,  as  a 
help  to  intelligent  prospecting,  and  as  a  pictorial  means  of  represent- 
ing demonstrated  and  hypothecated  structure,  their  value  is  great. 


THE  GOLD-BEABIJSrG  MISPICKEL  VEINS  OF  MABMORA, 

ONTARIO,  CANADA. 

BY  R.    P.    ROTH  WELL,    M.E.,    NEW  YORK  CITY. 

About  thirty  miles  north  of  the  city  of  Belleville  (wdiich  is  situ- 
ated on  a  branch  of  Lake  Ontario),  and  in  the  township  of  Marmora, 
Ontario,  there  is  found  a  belt  of  gold-bearing  quartz  veins,  which 
present  geological,  mineralogical,  and  economic  features  of  great  in- 
terest to  the  profession.  The  district  in  which  these  veins  are  found 
is  characterized  as  a  rolling  country,  with  low  rounded  hills  of  syen- 
itic  granite,  overlain  on  tlie  flanks  of  the  hills  by  Silurian  limestones, 
which  lie  in  nearly  horizontal  beds,  and  in  some  places  are  so  fine 
in  texture  as  to  afford  lithographic  stone  of  a  fair  quality. 

The  gold-bearing  veins  run  north  and  south  through  this  belt  of 
syenitic  granite,  and  are  quartz-filled  true  fissures,  with  micaceous 
or  talcoid  slates  forming  the  walls  of  and  horses  in  the  veins.     This 
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talcose,  slaty  rock  is  evidently  the  product  of  the  chemical  decom- 
position of  the  syenite  along  the  fissures,  the  quartz  being  segregated 
from  the  country  rock  into  the  veins,  and  the  hornblende  of  the 
syenite  furnishing  the  magnesia  of  the  talcoid  slates.  The  veins, 
besides  quartz,  contain  also,  as  gangue,  crystallized  calc-spar,  and 
occasionally  crystallized  black  mica.  The  ore  scattered  through  this 
gangue,  in  heavy  bands  in  some  places  and  in  detached,  well-formed 
crystals  at  other  })oints,  is  an  arsenical  sulphuret  of  iron  (mispickel), 
having  a  composition  of  about  55  per  cent,  of  iron  and  25  per  cent, 
of  arsenic,  and  perhaps  20  per  cent,  of  sulphur.  This  mispickel 
contains  the  greater  part  of  the  gold  for  which  the  mines  are  worked, 
but  free  gold  is  also  found  scattered  through  the  quartz  in  small 
leaves  and  grains,  and  it  is  also  found,  showing  freely  at  times,  in 
the  mispickel  itself. 

The  tests  which  have  been  made  of  these  veins  and  their  ores  have 
so  thoroughly  established  the  facts  of  the  continuity  of  the  veins, 
both  in  length  and  depth  and  the  economic  value  of  the  ores,  that 
the  interest  which  would  naturally  be  taken  in  so  promising  a  pros- 
pect as  this  was,  even  before  development,  has  now  deepened  into  the 
substantial  form  of  an  interest  in  a  great  industrial  enterprise. 

Gold  was  first  discovered  in  this  district  in  1865  as  free  gold  in 
quartz  and  mispickel,  and  sporadic  attempts  have  since  been  made 
at  two  or  three  points  to  treat  the  ores,  chiefly  by  raw  amalgamation. 
As  might  have  been  anticipated  from  the  nature  of  the  ore,  but  a 
very  small  proportion  of  the  gold  was  saved  in  this  way,  while  the 
expense  of  treatment  in  the  small  and  primitive  mills  adopted  was 
great  and  the  loss  of  quicksilver  heavy.  There  was  neither  experi- 
ence nor  technical  knowledge  available  at  the  time,  and  no  sufficient 
capital  to  put  up  suitable  works  or  to  develop  the  mines  ;  hence  they 
have  lain  idle  all  these  years  without  a  single  serious  effort  to  work 
them  on  an  economical  basis.  Nevertheless,  many  tests  of  the  ores 
were  made,  some  on  quite  an  extensive  scale,  in  reduction  works 
in  the  United  States  and  England,  and  the  results  were  invariably 
highly  satisfactory. 

By  far  the  most  extensive  and  the  only  systematic  tests  of  these 
veins  and  their  ores  have  been  made  upon  the  properties  shown  in 
the  accompanying  maps,  and  which  form  a  portion  of  the  pro[)erties 
combined  under  the  ownership  of  the  Canada  Consolidated  Gold 
Mining  Company. 

From  these  tests  some  four  or  five  parallel  veins  have  been  proved 
to  exist  in  a  belt  of  500  or  600  feet  in  width,  running  through  the 
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property  of  this  company  for  a  length  of  over  three-quarters  of  a  mile, 
while  the  main  vein  has  been  opened  on  adjoining  properties,  making 
a  total  proved  length  of  this  great  fissure  of  about  three  miles  on  the 
vein,  a  fact  which,  next  to  actual  sinking,  may  be  considered  the  best 
proof  of  the  continuance  in  depth  of  the  veins.  Three  of  these  veins 
have  been  proved  on  this  property  by  costean  pits  and  shafts  sunk  at 
short  intervals  along  their  outcrops,  to  depths  varying  from  15  to 
150  feet.  In  this  manner,  the  east  or  main  vein  has  been  thorouirhlv 
explored  over  a  length  of  about  800  feet  by  shafts  of  from  40  to  150 
feet  in  depth  ;  these  have,  in  every  case,  been  in  pay-ore  all  the  way; 
their  lowest  points  are  now  in  as  good  ore  as  has  been  found  on  the 
property  ;  and  they  have  shown  this  vein  to  have  a  thickness  exceed- 
ing 20  feet  in  many  places,  and  averaging  probably  8  or  10  feet, 
while  the  middle  and  west  veins,  though  smaller,  have  still  appar- 
ently a  thickness  of  three  feet  and  upward.  As  each  foot  of  thick- 
ness for  a  length  of  700  feet  and  a  depth  of  150  feet  will  yield  about 
10,000  tons  of  ore,  the  estimates  which  count  as  technically  in  sight, 
in  this  small  part  of  this  vein  alone,  from  60,000  to  75,000  tons  of 
ore,  must  be  considered  very  moderate.  These  estimates  and  some 
much  higher  have  been  made  by  a  number  of  experts  of  large  ex- 
perience. 

Perhaps  the  question  of  greatest  interest  is  the  average  gold  con- 
tents of  the  ore  ;  and  as  this  has  been  determined  in  a  very  thorouo^h 
manner  under  ray  own  supervision,  I  shall  enter  somewhat  into  the 
detail  of  the  work,  as  showing  what  is  considered  essential  in  deter- 
mining with  safety  the  average  value  of  a  gold  ore  and  of  a  mine. 

Some  three  or  four  thousand  tons  of  ore  have  been  mined  upon 
this  property,  and  of  this  about  a  half  has  been  milled  or  treated  in 
a  variety  of  ways,  and  the  remainder  is  now  on  the  dumps.  The 
first  tests  of  these  ores  were  made  from  samples  selected  by  various 
experts  who  have  from  time  to  time  examined  the  property.  Some 
of  the  results  were  as  follows : 

Twenty  assays,  made  at  the  laboratory  of  the  Geological  Survey 
of  Canada,  of  samples  from  the  Marmora  mines,  gave  an  average  of 
1.6367  ounces  of  gold,  equal  to  $33.81  per  ton  of  2000  pounds. 
Twelve  of  these  samples  were  from  the  Gatling  mines,  and  gave  an 
average  of  1.9107  ounces  of  gold,  or  §39.47  per  ton. 

Professor  E.  J.  Chapman,  of  the  University  College,  Toronto, 
says :  "  I  have  made  assays  of  its  ores  from  time  to  time,  and  I  have 
never  failed  to  obtain  from  any  sample   (mispickel),  as  a  minimum 
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value,  at  least  $50  per  ton."  "The  following  results  were  obtained 
from  samples  collected  very  carefully,  with  a  view  to  obtain  the  aver- 
age amount  of  precious  metal  held  by  the  undressed  ore :  No.  1,  or 
East  Yein— Gold,  $73.50;  silver,^  ounce.  No.  3,  or  Middle  Vein — 
Gold,  $69.86  ;  silver,  i  ounce.  O'Neil  Shaft,  middle  vein— Gold, 
$60.26  ;  silver,  J  ounce.  On  a  former  occasion,  I  obtained  from  a 
small  sample  of  the  Gatling  ore  $112,  and  from  pure  mispickel  $156 
])er  ton.'^ 

Mr.  James  Douglas,  Jr.,  Mining  Engineer,  says:  "A  sample 
taken  as  fairly  as  possible  from  the  ore-piles  on  the  Gatling  Compa- 
ny's property,  the  five-acre  lot,  and  the  Hawkeye  lot,  gives  me  in 
gold  1  oz.  5  dwts.,  value,  25.84  per  ton  of  2000  pounds.^' 

Professor  W.  T.  Rickard,  of  London,  says  :  "  1  took  samples  from 
the  various  shafts  and  openings  on  each  claim,  and  ground  them 
together.  ...  I  picked  out  a  large  quantity  of  pure  mispickel, 
crushed  and  sampled,  and  assayed  the  same.  ...  I  deducted  the 
estimated  amount  of  quartz,  associated  with  the  mispickel,  and  then 
allowed  50  per  cent,  for  depreciation  in  the  quality  of  the  mispickel. 
The  following  results  were  obtained  by  careful  assay: 

"  Hawkeye  ore  from  three  shafts,  mixed  mispickel — Gold,  $753.48 ; 
silver,  $15.71.     Total,  $769.19. 

''  Gatling  five-acre  lot. — From  one  shaft  quartz — Gold,  $200.93  ; 
silver,  $3.14.     Total,  $204.07  per  ton. 

'^  Gatling  Company. — From  three  shafts,  mixed  mispickel — Gold, 
$351.63  ;  silver,  $21.91.     Total,  $373.54. 

''Gatling  Compan?/.—0'Neil  Shaft,  third  vein— Gold,  $376.64; 
silver,  $7.85.     Total,  $384.49. 

"  Tuttle  Property.— Surhce  quartz— Gold,  $125.48  ;  silver,  $4.70. 
Total,  $130.18. 

"  Average — First-class  quartz  aiul  pure  mispickel,  .  .  $372  29 

Deduct  I  ton  for  ganguein  bulk,  leaving          .  .  .  74  46 

'*       ^  ton  for  inferior  mispickel,  leaving     .  .  .  37  23 

"       for  loss  in  reduction  $7  23,  leaving       .  .  .  30  00 

Or  net  yield  of  ore  in  treatment  $30  per  ton." 

F.  W.  Dahne,  Esq.,  who  dressed  a  lot  of  this  ore  sent  to  Swansea, 
says  :  "  The  ore  I  treated  contained,  before  dressing,  2  J  ounces  of  gold 
to  the  ton  (2240  pounds)." 

Captain  Benjamin  Plummer,  who  examined  these  mines  for  Messrs. 
John  Taylor  &  Sons,  of  London,  carefully  sampled  the  ores  from  the 
different  openings,  and  had  his  samples  assayed  by  Professor  Chap- 
man, of  University  College,  Toronto,  who  obtained  the  following  as 
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the  average  of  a  number  of  assays,  gold  counted  at  $20.66  per  ounce 

troy : 

Sample  No.  19,  Gold  $38.65  per  ton  of  2000  pounds. 
"       No.  E,      "       24  87  "  " 

"       No.  F,      "       36.60  "  '* 

''       No.  G,      "       24.74  "  '♦ 

Average,  $31.21. 

The  amount  of  silver  in  these  samples  never  exceeded  J  ounce  per 
ton. 

TESTS   ON    A    LARGER   SCALE. 

Two  barrels  of  average  ore  treated  at  Balbach's  works,  in  Newark, 
N.  J.,  yielded  : 

From  East  Vein — Gold,  $23.76 ;  silver,  |4.07.  Total,  $27.83 
per  ton  of  2000  pounds. 

From  a  Neil  Shaft— Gold,  $25.62  ;  silver,  $4.39.  Total,  $30.01 
per  ton. 

Four  barrels  of  ore  sent  to  Messrs.  Richardson  &  Co.,  Swansea, 
yielded  as  follows  (assays  being  reduced  to  dollars  per  ton  of  2000 
pounds) : 

Tuttle  Shaft— Go\d,  $93 ;  silver,  $7  per  ton  (2000  pounds). 

Gatling  Com,pany^s  Deep  Shaft — Gold,  $37.21 ;  silver,  $20  per 
ton  (2000  pounds). 

Gatling  Compaiiy^s  A  Shaft. — Gold,  $23.15;  silver,  $18  per  ton 
(2000  pounds). 

Gailing  Company's  O'Neil  Shaft— Gold,  $23.15;  silver,  $100 
per  ton  (2000  pounds). 

The  report  for  a  large  lot  of  ore  from  the  O'Neil  shaft,  sub- 
sequently sent  to  the  same  Swansea  parties,  was  as  follows : 

For  19.8  tons:  Gold,  $23.15 ;  silver,  $0.50  per  ton  of  2000  pounds. 

For  9.9  tons :  Gold,  $27.90  ;  silver,  $0.75  per  ton  of  2000  pounds. 

For  4.4.  tons  :  Gold,  $55.81  ;  silver,  $0.50  per  ton  of  2000  pounds. 

Analyses  of  pure  mispickel,  made  by  Thomas  Thomas  and  J. 
Hernaraan  James,  Assayers  in  Swansea,  to  Messrs.  Richardson  & 
Co.,  were  as  follows  (the  gold  being  reduced  to  dollars  in  a  ton  of 
2000  pounds  at  $20.67  per  ounce) : 


SMALL 
CRYSTALLIZATION. 

LARGE 
CRYSTALLIZATION. 

Peroxide  of  iron 

54.00 

0.51 

19.03 

25.70 

trace. 

trace. 

S30G.95 

56.00 

0.03 

18.13 

23.00 

trace. 

S6.50 

S2920.G7 

Silica 

Sulphur 

Arsenic 

Nickel 

j  Silver  (per  ton  of  2000  pounds). 
Gold  (per  ton  of  2000  pounds)... 
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Mr,  E.  W.  Harmon,  in  1876,  tested  the  ores  from  these  proper- 
ties in  the  interest  of  Boston  parties,  who  had  a  patent  process  for 
treating  sulphuret  ores.  The  following  are  the  results  obtained  by 
Mr.  Harmon  from  average  samples  selected  by  himself: 

Per  ton  of  2000  pounds. 
No.  1.   East  Vein  Gutling  Company,  gold, 


2. 
3. 
4. 


"    5.  Middle  Vein  " 

a     6.  "  " 

"    7.  West  Vein  " 

"    8.  *'  " 

"    9.  Sample  from  all  of  foregoing 

"  10.  Gatling  South, 
"  11.         "        five  acres,   . 
"  12.         "  "  .         . 

"  13.         "  "  .         . 

"  14.  "Williams  mine,  tailings, 

"  15.  Gatling  Company — Shaft,  free  gold, 

"  16.  Gatling  roasted  steely  ore,  amalgamated, 

"  17.  Gatling  rich  pyrites,  raw  treatment, 

"  18.  1  pound  average  material  from  first  test  by  a  stir 
ring  (amalgamating)  process, 

18.7  tons  of  ore  from  the  several  shafts  of  the  Gatl 


$123  84 
37  84 
37  84 
75  68 
48  16 

116  96 
41  28 

120  40 
61  92 
41  28 

550  40 

595  12 
37  84 
34  40 

440  32 

48  16 

1265  92 


52  46 
ing  Company^s 

mines  were  then  treated  by  the  same  parties,  the  process  being 
roasting  and  amalgamating ;  the  roasting  was  very  imperfect,  being 
effected  in  a  revolving  cylinder  only  3  feet  diameter  and  12  feet  long, 
heated  from  the  outside,  and  with  a  strong  draught  of  air  forced 
through  it  by  a  blower.  The  consequence  was,  that  the  flue-dust 
contained  much  gold,  and  the  roasted  ore  carried  6  per  cent,  of 
ijulphur. 

The  following  were  the  assays  of  lots  of  from  two  to  three  tons 
each  : 

Ore.  Tailings. 

No.  1, $30  90  $30  .SO 

"2, 41  20  6  67 

"3, 65  23  6  87 

"4, 41  20  6  87 

"5, 51  50  8  58 

"6 44  71  12  04 

Average  gold  in  18.7  tons  was  |35.46  per  ton,  counting  gold  at 
$20  per  ounce. 

Gold  actually  saved  was  $25.32  per  ton,  or  71  per  cent,  of  assay 
value,  while  there  was  still  in  the  bottoms  in  flue-dust  returnable 
for  retreatment,  obtainable  gold  that  would  have  made  the  yield 
$27.31  per  ton,  or  77  per  cent. ;   and   the  tailings  were  extremely 


GOLD-BEARING   MISPICKEL   VEINS   OF   MARMOIIA.  415 

rich,  and  could  easily  have  yielded  on  shaking  tables  or  belts  gold 
enough  to  have  made  the  actual  yield  $30  or  §31  per  ton. 

Captain  Thomas  Couch,  Mine  Superintendent,  in  his  examination 
of  these  mines,  in  February,  1880,  carefully  sampled  the  several 
mines,  taking  one  and  two  ton  samples  of  the  ore  just  as  it  came 
from  each  of  the  shafts  and  levels,  without  sorting. 

The  results  were  as  follows : 


Gold. 

Silver. 

Tuttle  shaft,  2  tons,  . 

.    $26.46  per  ton. 

1.28 

ounces 

Deep  shaft  levels,  2  tons, 

16  33 

.79 

Middle  vein.  2  tons, 

.       32.65 

1.58 

N.  Hawkej^e  shaft,  . 

7.85 

.38 

S.  Hawkeye  shaft 

7.44 

■  .36 

Concentrates  (Tuttle  shaft), 

137  48 

6.65 

"             (Levels  deep  &hi 

ift), 

65.00 

3.14 

"             (Middle  vein). 

107.48 

•' 

6.20 

(( 

129.19 

(C 

6.25 

Assayed  by  W.  E.  Gifford,  54  Pine  Street,  New  York. 

Mr.  R.  H.  Stretch,  Mining  Engineer,  sampled  the  mines  by  taking 

one-ton  lots  of  the  ore  just  as  it  came  from  the  several  shafts  and 

levels,  without  sorting,  and  the  result  of  his  a.ssays  was  as  follows : 

Deep  shaft,  bottom, $21.50  per  ton. 

N.  level, 9.00        '* 

S.  level, 7.50        " 

A  shaft  (3  .samplings), 17-92        " 

Tuttle  shaft,  . 19.00      ." 

Average  after  parting;  gold,         .....       13.06         " 


By  far  the  most  exhaustive  tests  of  these  ores  were  made  under 
my  own  direction.  Having  secured  a  working  bond  upon  these 
properties,  I  carried  on  raining  and  milling  operations  with  a  force 
of  eighty  or  ninety  men  during  nearly  four  months.  During  this 
time,  seven  shafts  were  worked  upon  and  attained  depths  of  from  forty 
to  one  hundred  and  ten  feet;  and  two  levels  of  forty  feet  each  in 
length  were  driven.  Three  of  these  shafts,  namely,  the  Tuttle,  the 
A  shaft,  the  deep  shaft,  and  two  levels  were  those  upon  which  the 
most  work  was  performed,  and  it  is  to  the  ore  from  these  that  the 
following  remarks  are  confined.  These  openings  proved  a  length 
along  the  main  vein  of  about  seven  hundred  feetj  as  may  be  seen  by 
reference  to  the  accompanying  maps. 

The  ore  extracted,  vnthout  any  sorting  whatever ,  was  taken  to  the 
mill;  it  was  then  weighed  and  crushed  for  the  greater  part  in  five- 
ton  lots,  every  twentieth  shovelful  as  it  came  from  the  Blake  crusher 
being  laid  aside  for  a  sample.  The  samples  of  five-ton  lots  were 
crushed    fine,    quartered  down  as    usual,  and    assayed  ;    thus,    one 
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hundred  and  eight  lots,  nearly  all  representing  five  tons  of  ore,  were 
assayed  separately,  while  fifty-one  tons  from  the  Tuttle  shaft  were 
sampled  in  the  same  careful  manner  in  one  lot  by  Mr.  Thomas 
Macfarlane,  of  the  Wyandotte  Silver  Smelting  Company.  The 
assays  of  these  several  samples  are  given  in  the  following  table.  It 
will  be  noted  that  the  richer  five-ton  lots  were  obtained  by  selecting 
the  heavier  sulphurets  from  the  remainder  of  the  ore  in  the  ore-house 
so  as  to  demonstrate  the  effect  of  rough  hand-sorting  ;  the  low  assays 
were  therefore  of  second-class  ore ;  the  whole  number  of  assays  gives, 
however,  the  average  yield  of  the  ore  just  as  it  comes  from  the  mine 
without  sorting.  The  higher  assay  numbers  (last  assays  made)  were, 
in  general,  from  ore  mined  nearest  the  surface,  and  which  accord- 
ingly was  found  at  the  centre  of  the  dump.  Nearly  one-half  the 
dump  was  milled,  and  the  last  milled  came  from  the  centre  of  the 
dump. 

Note. — The  proj)ortions  of  gold  and  silver  in  tlie  assay  buttons  were  obtained 
by  parting  89  buttons  in  one  operation.  It  was  found  the  average  was  68  per  cent, 
gokl,  32  silver.  The  following  table  gives  only  the  gold,  or  68  per  cent,  of  the 
weight  of  the  button  : 

Record  of  Assays  of  Canada  Consolidated  Gold  Mining  Com/panifs  Ores,  mostly  from 
the  Gatling  Mine — 108  samples,  mostly  5  tons  each,  representing  a  total  of  515  tons 
of  2000  pounds. 


1 $33  04 

2 14  06 

3..t 9  84 

4 18  'J8 

5 43  94 

6 15  11 

7 11  60 

8 10  55 

9 14  76 

10 8  44 

11 11  60 

12 8  79 

13 9  84 

14 9  14 

15 7  73 

16 11  25 

17 16  17 

18 14  06 

19 7  38 

20 11  25 

21 9  49 

22 7  03 

23 9  14 

24 8  79 

25 11  25 

26 8  44 

27 18  28 


28 $6  33 

29 8  08 

30 25  31 

31 7  03 

32 33  74 

33 7  38 

34 7  38 

35 6  50 

36 12  65 

37 16  17 

38 9  84 

39 18  28 

40 21  79 

41 14  76 

42 7  03 

43 10  55 

44 7  73 

45 4  92 

46 9  14 

47 53  43 

48 5  62 

49 5  62 

50 5  62 

51 17  58 

52 13  71 

53 18  98 

54 8  44 


55 $9  84 

56 42  18 

57 28  12 

58 27  06 

59 14  76 

60 39  37 

61 11  25 

62 9  84 

63 23  20 

64 16  17 

65 9  49 

66 8  44 

67 12  65 

68 10  72 

69 10  90 

70 6  33 

71 5  27 

72 8  44 

73 9  84 

74 5  62 

75 7  38 

76 12  48 

77 11  07 

78 5  98 

79 7  03 

80 10  90 

81 8  26 


82 $10  90 

83 11  07 

84 9  49 

85 7  38 

86 4  57 

87 5  98 

88 32  34 

89 7  03 

90 7  73 

91 5  62 

92 33  04 

93 32  34 

94 15  47 

95 6  33 

96 9  49 

97 17  58 

98 17  58 

99 9  14 

100 5  45 

101 12  83 

102 13  36 

103 4  92 

104 15  11 

105 5  62 

106 28  12 

107 11  95 

108 7  03 


Average  108  samples,  515  tons  Gatling  ore,  assayed  by  A.  Thies,  $13.37  gold  per  ton. 
Check  assays,  by  Prof.  Richards,  of  Boston,  and  Gi'lTord,  of  New  York,  S14.75. 
Average  value  Gatling  ore,  East  vein,  $14.06  per  ton. 
Average  samples,  aggregating  63  tons  Tnttlc  shaft,  East  vein,  $24.88. 
Average  samples,  aggregating  12  tons,  Middle  vein,  $30.82. 


Allowing  the  proper  proportion  of  ore-reserve  to  each  of  these 
shafts,  the  average  assay  value  of  the  ore  in  reserves  I  find  to  be 
$18.65  in  gold  per  ton. 
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From  these  most  exhaustive  tests,  the  average  gold  contents  of 
the  ore  were  determined  with  great  accuracy. 

Perhaps  the  most  interesting  and  certainly  one  of  the  most  im- 
portant and  valuable  facts  developed  was  the  very  remarkable  unifor- 
mity of  the  gold  yield  of  the  ore.  In  only  three  instances — even  of 
second-class  ore  after  the  richer  ore  had  been  roughly  picked  out — 
was  less  than  five  dollars  per  ton  in  gold  found,  and  the  highest  assay 
of  a  five-ton  lot  was  $53.43  per  ton.  Samples  of  a  few  hundred 
pounds  have  been  found  to  run  as  high  as  $150  per  ton,  and  hand 
samples  very  much  higher;  but  these  were  not  considered  as  safe 
guides  in  valuing  a  mine,  and  were  therefore  rejected  as  exceptional. 

THE   TREATMENT   OF   THE   GOLD-BEARING    MISPICKEL. 

When  I  first  commenced  testing  these  mines,  about  fifteen  months 
ago,  I  was  met  by  a  vast  array  of  dicta  concerning  the  difficulties  to 
be  encountered  in  roasting,  in  amalgamating,  or  otherwise  getting 
the  gold  out  of  arsenical  sulphurets  of  iron.  It  is  fair  to  add,  how- 
ever, that  these  difficulties  were  always  reported  by  persons  who  had 
not  themselves  worked  such  ores,  but  had  "  always  understood  "  they 
existed.  No  satisfactory  record  of  tests  actually  made  with  such 
ores  being  on  record,  so  far  as  I  knew,  I  determined  to  make  history 
myself;  and  though  in  some  particulars  we  have  still  very  much  to 
learn,  the  facts  which  were  established  may  be  of  use  to  the  profes- 
sion, and  I  gladly  communicate  them. 

As  there  could  be  no  possible  question  about  the  facility  of  con- 
centrating mispickel,  with  a  specific  gravity  of  about  6  or  6J,  from 
quartz  and  calc-spar,  with  a  specific  gravity  of  about  2J,  we  did  not 
consider  it  necessary  to  build  concentrating  works  to  test  that  point; 
and  as  there  was  no  concentrator  except  a  centre-discharge  buddle 
taking  all  the  ore  as  it  came  from  the  battery  (with  forty-mesh 
screens)  without  sizing,  it  was  no  matter  of  surprise  that  at  times 
one-half  of  the  gold  was  lost  in  this  operation.  That,  however, 
was  not  so  much  a  consideration  with  us  as  to  determine  points  upon 
which  knowledge  was  not  obtainable. 

The  ores  were  sampled  in  the  manner  mentioned  above  before  going 
through  the  battery.  After  concentration,  the  concentrates  from  some 
two  or  three  hundred  tons  were  roasted  in  a  muffle  furnace,  those 
from  nearly  six  hundred  tons  in  a  reverberatory,  and  those  from 
several  hundred  tons  in  a  revolving  cylinder.  The  results  in  all 
VOL.  IX. — 27 
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cases  showed  that  these  arsenical  sulphurets  roast  with  the  greatest 
facility,  and  in  much  less  time  than  simple  pyrites,  owing  probably  to 
the  fact  that  the  arsenic  is  volatilized  at  a  much  lower  heat  than  the 
sulphur,  and  in  escaping  it  leaves  the  ore  in  a  measure  porous,  and 
therefore  in  suitable  condition  for  oxidizing  the  sulphur.  The  con- 
sumption of  fuel  was  far  greater  in  the  reverberatory  and  muffle 
furnaces  than  in  the  revolving  cylinder,  where  indeed  one  cord  a  day 
would  roast  ten  tons  of  ore. 

There  was  no  comparison,  either,  in  the  costof  labor  in  these  different 
systems  (in  the  revolving  cylinder  it  was  about  50  cents  per  ton), 
and  our  results  give  a  very  decided  advantage  to  the  automatic  con- 
tinuous cylinder  in  the. uniformity  of  the  roast.  It  was  found  that 
ore  which  took  one  hour  and  three-quarters  to  pass  through  the  cyl- 
inder was  thoroughly  roasted,  so  far,  at  least,  as  was  necessary  for 
amalgamation. 

The  chief  objection  to  the  cylinder  was  in  the  amount  of  flue-dust 
made,  and  that  in  a  somewhat  less  degree  is  also  the  objection  to  any 
hand-rabbled  furnace.  The  arsenic  fumes  are  very  dense,  and  when 
aided  by  a  rapid  current  of  air,  they  easily  carry  over  dust  and  gold. 

The  question  is  not  at  all  one  of  roasting  the  ore,  for  arsenical  sul- 
phurets roast  much  more  easily,  more  quickly,  and  sinter  less  than 
simple  sulphurets;  but  the  important  question — the  only  practical 
difficulty  found  in  the  treatment  of  these  ores — is  that  of  preventing 
a  loss  of  extremely  fine  gold,  which  is  mechanically  carried  over 
with  flue-dust  and  arsenic  fumes.  This  cause  of  loss,  though  it  will 
probably  always  exist  to  a  greater  or  less  extent,  does  not  appear  by 
any  means  insuperable;  but  our  tests  have  thoroughly  convinced  us 
that,  both  on  the  score  of  expense  and  loss  in  flue-dust,  no  hand- 
rabbled  furnace  is  admissible.  The  automatic  continuous  revolving 
furnace,  known  in  the  Western  States  as  the  White  &  Howell  fur- 
nace, and  in  England  as  the  Oxland,  is  entirely  satisfactory  so  far  as 
expense  is  concerned ;  but  without  special  precautions,  it  will  make 
too  much  flue-dust.  By  taking  out  most  of  the  shelves,  or  leaving 
only  sufficient  to  turn  over  and  not  lift  the  ore  (which  when  hot, 
runs  like  quicksand),  the  greater  part  of  the  loss  which  we  encoun- 
tered would,  no  doubt,  be  avoided.  There  are  other  modifications  in 
the  revolving  cylinder  which  have  suggested  themselves  ;  but  as 
they  have  not  been  tried,  they  need  not  be  mentioned  here. 

In  Philadelphia,  a  revolving  hearth,  with  fixed  rabbles,  and  with 
a  preheating  furnace  forming  the  flue  from  the  revolving  hearth, 
has  worked  well,  and  undoubtedly  made  less  dust  than  the  cylinder. 

Of  course,  some  of  the  gold  which  escapes  is  recovered  by  the  re- 
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treatment  of  the  flue-dust;  but  there  would  still  be  a  loss,  which 
should,  and  in  a  great  measure  undoubtedly  can,  be  avoided. 

The  roasted  ore  was  found  to  amalgamate  with  the  greatest  pos- 
sible facility,  80  and  even  85  per  cent,  of  the  gold  contained  in  the 
roasted  ore  being  obtained  in  regular  work  and  with  a  very  slight 
loss  of  mercury.  There  is  no  flouring  of  the  mercury,  and  the  gold 
is  bright  and  very  readily  amalgamated. 

Some  of  the  roasted  ore  was  treated  by  chlorination  under  pressure 
(Mears's  process),  and  practically  nearly  the  full  fire-assay  was  ob- 
tained. Even  including  the  loss  in  flue-dust  in  roasting  in  the  re- 
volving hearth,  an  ore  which  assayed  less  than  $14  per  ton  yielded, 
net  in  the  bullion,  91  per  cent,  of  the  fire-assay ;  so  that  it  is  thought 
that  by  care  in  roasting,  from  93  to  95  per  cent,  of  the  gold  in  the 
concentrates  can  be  regularly  obtained.  That  the  loss  in  concen- 
trating will  be  very  small,  can  be  understood  when  it  is  considered 
that  the  concentration  will  not  be  made  close.  It  is  proposed  to 
crush  the  ore  in  rock-breakers  to  from  J  to  1  inch  size,  screen  in  re- 
volving screens  which  will  size  into  say  J  to  J  inch  and  J  to  1  inch, 
which  would  then  be  jigged,  the  richer  ore  going  to  rolls,  and  thence 
directly  to  the  roasting  furnace  without  concentration,  and  the  poorer 
going  to  other  rolls,  where  it  is  crushed,  and  then  jigged.  It  is 
thought  that  from  J  to  §  of  the  sulphurets,  and  consequently  of  the 
gold,  will  be  obtained  in  the  coarse  jigging,  and  will  suffer  no  loss  in 
concentration. 

The  practical  working  of  these  ores  I  hope  to  give  in  another 
paper  at  some  future  time,  when  the  works  now  building  shall  have 
given  results  on  a  large  scale.  The  works  for  the  Canada  Consoli- 
dated Gold  Mining  Company  are  intended  to  treat  from  100  tons 
to  125  tons  a  day. 

Without  going  into  the  cost  of  mining  and  milling  these  ores,  a 
subject  which  I  hope  to  give,  with  large  practical  results,  at  a  later 
day,  I  may  say  that  a  number  of  experts,  taking  from  the  books 
the  figures  of  cost  of  such  work  as  has  already  been  done  at  the 
mines,  have  estimated  at  from  $3  to  $3.50  per  ton  of  ore,  as  it  comes 
from  the  mines,  the  entire  cost  of  mining  and  milling.  This  cost  is 
made  up  about  as  follows: 

Mining,  per  ton  of  ore  as  rained,  $1  75 
Concentrating,       ....  50 

Roasting,      .         .         .         .         .  20  =  GO  cents  per  ton  concentrates. 

Chlorinating 50  =  $2  per  ton  roasted  concentrates. 

Contingencies,       ....  55 

$3.50  per  ton. 
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Labor  is  paid  $1  to  $1.25  per  clay;  wood,  $1.25  per  cord; 
water-power  will  partly  drive  machinery.  Supplies  of  all  kinds 
are  extremely  abundant  and  cheap. 

The  ore  carries  as  an  average  between  $18  and  $19  per  ton  in 
gold,  and  assuming  a  net  yield  in  bullion  of  only  80  per  cent.,  the 
net  profit  on  the  treatment  of  these  ores  is  estimated  at  from  $10 
to  $12  per  ton. 


ORE  DRESSING  AND  SMELTING  AT  PRIBRAM,  BOHEMIA. 

BY  ELLIS   CLARK,   JR.,   PHILADELPHIA. 

Tke  mining  town  of  Pribram  is  situated  in  Central  Bohemia,  on 
the  western  slope  of  the  Heiliger  Berg,  30  miles  southwest  from 
Prague.  Birkenberg,  the  village  in  which  most  of  the  shafts  and 
ore-dressing  establishments  are  situated,  is  built  on  a  mountain  of 
the  same  name.  It  is  about  a  mile  from  Pribram,  is  1700  feet  above 
the  sea,  and  is  surrounded  by  graywacke  rocks  of  Silurian  origin, 
Avhich  are  intersected  by  greenstone  dikes,  and  in  the  southerly, 
southeasterly,  and  southwesterly  direction  are  bounded  by  granite. 
The  graywacke  formations  consist  on  one  side  of  graywacke  sandstone 
and  quartzite,  and  on  the  other  of  graywacke  slates.  These  last  are 
separated  from  the  first  in  the  immediate  vicinity  of  the  mines  by  a 
graywacke  seam  converted  into  clay.  For  many  years  this  so-called 
clay  seam  {lettenMuft)  was  considered  as  a  boundary  of  the  ore  de- 
posits in  both  zones  of  graywacke.  The  graywacke  formation  is 
divided  according  to  its  hardness,  structure,  texture,  and  color,  into 
fine,  coarse,  compact,  slaty,  whitish-gray,  reddish-gray,  and  black 
graywacke. 

The  miner  divides  the  formation  into  four  divisions.  The  first  or 
lowest  division,  which  is  in  contact  with  the  granite,  consists  of  a 
fine-grained  dirty  gray  slate ;  the  second  is  a  very  fine  to  a  very 
coarse  schist,  white  to  reddish-gray  in  color,  and  rich  in  quartz,  but 
containing  little  mica ;  the  third  consists  of  a  slate  with  a  confused 
cleavage,  which  has  a  dirty  gray,  dark  gray,  and  very  often  black 
color,  and  is  often  graphitic  in  its  composition  ;  the  fourth  consists 
of  a  fine  to  coarse-grained  graywacke  schist,  of  a  grayish-white  or 
reddish-gray  color,  and  rich  in  quartz.  The  cleavage  in  all  four  di- 
visions strikes  from  northeast  to  southwest,  and  the  dip  is  sometimes 
northwesterly,  sometimes  southerly,  and  often  vertical.  All  four 
zones  are  cut  through  by  a  great  number  of  diorite  and  greenstone 
dikes  and  chimneys.     The  thickness  of  these  dikes,  which  are  of 
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plutonic  origin,  varies  between  sixty  to  ninety  feet  and  one  to  two 
feet.  The  general  direction  of  their  strike  is  south,  and  they  main- 
tain a  parallelism  to  each  other.  A  very  interesting  geological  fea- 
ture is  the  contact  relation  between  the  zones  of  graywacke  and  the 
diorite  dikes.  No  indication  of  any  great  geological  disturbance, 
such  as  a  shattering  of  the  graywacke  deposit  or  a  decided  contor- 
tion of  the  cleavages,  is  in  any  place  noticeable.  At  many  points  the 
greenstone  dikes  are  sharply  separated  from  the  graywacke,  their 
selvages  are  smooth  and  even,  and  neither  the  greenstone  nor  the 
graywacke  shows  any  indications  of  the  contact  influence  of  the 
other.  This  is  especially  the  case  where  the  graywacke  is  richest  in 
quartz. 

At  other  points,  where  the  dikes  cut  through  reddish  graywacke 
schists,  a  change  in  these  latter,  caused  by  the  selvages,  is  noticeable 
for  many  inches,  and  even  feet.  In  such  cases  the  graywacke  be- 
comes of  a  yellowish-brown  color,  a  result  of  the  decomposition  of 
the  iron  pyrites  that  the  rock  contains.  In  many  cases  the  two 
rocks  are  so  closely  joined  that  no  contact  seam  is  visible,  the  two 
appearing  to  be  a  single  rock  with  a  sharp  and  decided  change  in 
color  and  composition. 

The  greenstone  dikes  have  played  a  very  essential  part  in  the 
formation  of  the  somewhat  younger  mineral  lodes,  and  undoubtedly 
were  the  original  cause  of  the  seams  and  fissures  which  have  been 
subsequently  filled  by  the  ore  deposits. 

Besides  the  diorite  dikes  the  four  graywacke  zones  are  intersected 
by  a  great  number  of  lodes.  These  lodes  generally  make  their  ap- 
pearance at  the  surface  in  the  form  of  a  gossan  or  iron  hat  (eisener 
hut),  which  extends  to  the  depth  of  240  feet  and  over  before  the 
precious  ores  and  other  minerals  make  their  appearance.  The  lodes 
in  general  represent  a  great  system,  which  consists  of  a  large  number 
of  approximately  parallel  veins,  with  a  southerly  strike,  distributed 
over  an  area  of  more  than  a  mile  and  a  quarter  in  length  by  three- 
quarters  of  a  mile  in  width.  The  principal  location  of  the  Pribram 
lead  and  silver  lodes  is  in  the  second  zone  of  the  graywacke,  espe- 
cially in  the  neighborhood  of  the  northern  boundaries  of  this  section, 
not  far  from  the  previously  mentioned  clay  seam,  which  separates  the 
third  zone  (slate)  from  the  second  (Fig.  1,  Plate  I).  Here  the 
principal  shafts  are  situated  in  a  line  bearing  northeast  and  south- 
west. The  thickness  of  the  forty  lodes  that  are  at  present  worked' 
varies  from  one  inch  to  twelve  feet,  the  average  thickness  being 
about  two  feet.  In  general  the  lodes  have  a  diminished  thickness 
in  the  coarse-grained  graywacke  and  in  the  compact  slate,  while  in 
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a  less  compact  rock  their  thickness  is  increased.  A  very  interesting 
geological  feature  is  the  close  relationship  and  influence  upon  each 
other  which  exist  between  the  lodes  and  the  dikes  and  chimneys; 
not  only  do  their  extent  and  direction  generally  coincide,  but  the  ore 
deposits  frequently  become  for  great  distances  regular  contact  lodes 
between  the  graywacke  and  the  greenstone.  In  such  cases  the  lodes 
are  diminished  in  width,  but  are  unchanged  in  quality.  Occasion- 
ally the  lodes  penetrate  and  pass  through  the  dikes,  and  also  send 
out  small  branch  lodes  into  them.  Where  the  former  is  the  case,  it 
has  been  found  that  the  lodes  are  generally  larger  in  dikes  of  a  yield- 
ing texture,  while  on  the  contrary  very  compact  greenstone  has  a 
tendency  to  contract  the  lodes.  The  vein  matter  is  similar  to  the 
pyritous  galena  formation  in  Freiberg,  excepting  that  arsenical  py- 
rites are  absent,  while  spathic  iron  and  some  antimony  ores  are 
present.  The  gangue  is  quartz,  calcspar,  brown  spar,  dolomite, 
heavy  spar,  and  spathic  iron  ore.  Quartz  and  spathic  iron  ore  are 
found  in  all  the  lodes,  calcspar  and  dolomite  very  frequently,  heavy 
spar  and  dolomite  more  seldom.  Masses  of  country  rock  (horses) 
and  clay  are  very  frequent.  Of  the  seventy-eight  minerals  found  in 
the  lodes,  the  following  may  be  mentioned:  Argentiferous  galena; 
brown,  and  red  zinc  blende ;  white,  black,  green,  and  yellow  galena ; 
fahlerz ;  copper  pyrites  ;  bournonite  ;  native  silver ;  ruby  silver ; 
silver  glance;  iron  pyrites;  gray  antimony;  white,  and  red  anti- 
mony; occasionally  uranite;  and  rarely  copper-nickel. 

Of  the  minerals  above  mentioned,  galena  and  blende  are  the  most 
abundant.  The  galena  contains  from  0.07  to  0.094  mint  pounds 
of  silver  and  75  to  83  pounds  of  lead  in  100  pounds.  Very  often 
rich  zones  of  native  silver  and  ruby  silver  are  met  with;  for  exam- 
ple, in  1855,  at  the  junction  of  the  Wenzel  and  the  Franzisci  lodes  a 
mass  of  ruby  silver  in  ochrey  brown  iron  ore,  800  pounds  in  weight, 
was  discovered.  It  was  considered  a  remarkable  phenomenon  that 
the  brown  iron  ore  should  have  reached  so  great  a  depth.  The  zinc 
blende  usually  contains  0.087  mint  pounds  of  silver  in  100  pounds. 
In  general  the  texture  of  the  lodes  is  massive  ;  but  a  parallel  striated 
texture,  and,  above  all,  a  tendency  to  a  symmetrical  disposition  of  the 
minerals  parallel  to  the  walls,  is  especially  noticeable  in  the  Adal- 
bert lode.  In  such  cases,  galena,  blende,  or  quartz  is  generally  the 
first  layer  next  to  the  selvage;  we  conclude,  therefore,  that  they  are 
the  minerals  that  were  first  deposited,  by  a  process  of  infiltration,  in 
the  original  fissure.  The  next  layer  consists  of  spathic  ore,  heavy 
spar,  calcspar,  brown  spar,  or  again  quartz,  either  with,  or  in  alter- 
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nation  with,  films  of  galena  and  blende.  The  centre  of  the  lodes  is 
in  general  a  cavity,  the  sides  of  which  are  lined  with  crystals.  Very 
often  galena  alone,  or  galena  in  company  with  zinc  blende,  occupies 
the  whole  lode,  in  which  case  all  of  the  gangue  material  disappears. 

In  cases  where  calcspar  and  brown  spar,  the  youngest  members 
of  the  lode,  appear  as  its  middle  layer,  galena,  blende,  and  quartz 
are  the  oldest  members;  but,  in  other  cases,  these  latter  minerals 
appear  in  many  places  to  be  comparatively  recent  formations,  since 
the  remaining  mass  is  very  often  traversed  by  small  branches  and 
leaders  from  them.  Argentite  and  ruby  silver  are  very  often  met 
with  in  calcspar.  Native  silver  may  be  mentioned  as  one  of  the 
youngest  products,  and  it  is  most  frequently  discovered  at  points 
where  a  decomposition  has  taken  place. 

The  relative  ages  of  the  different  lodes  can  be  detected  only  at  a 
few  points,  as  great  faults  of  one  lode  by  means  of  another  are  very 
uncommon.  Though  the  lodes,  owing  to  the  various  strikes  and 
dips,  frequently  meet  and  sometimes  cross,  yet  they  generally  con- 
tinue, after  meeting,  in  a  parallel  direction,  touching  each  other  and 
possibly  coalescing  into  a  single  lode  (Fig.  2,  Plate  I). 

It  is  noticeable,  however,  at  the  crossing-points,  that  one  of  the 
lodes  does  not  continue  in  its  original  direction,  but  is  moved  a  little 
laterally,  making  a  slip  of  a  foot  or  so,  and  continuing  on  the  other 
side  with  the  same  strike  and  dip.  This  may  be  considered  more  as 
a  result  of  the  original  fracture  of  the  cleft  than  the  result  of  a  regu- 
lar faulting.  As  a  rule,  the  crossings  exert  neither  a  qualitative  nor  a 
quantitative  influence  on  the  materials  contained  in  the  lode,  although 
sometimes  rich  crossing-points  are  met.  Many  of  the  lodes  are  of 
great  extent,  both  in  strike  and  in  dip.  The  Adalbert  lode,  for  in- 
stance, was  worked  5100  feet  along  its  strike,  2400  feet  along  its  dip, 
and  to  a  vertical  depth  of  2160  feet  without  showing  any  indication 
of  decreasing  in  richness,  or  any  particular  change  in  the  materials 
contained  by  the  lode. 

The  lodes  that  have  been  most  extensively  worked  are  situated  in 
the  second  zone  of  the  Pribram  graywacke,  and  it  is  on  account  of 
their  tendency  towards  the  south  into  the  first  graywacke  zone  that 
the  mining  has  not  been  continued  in  this  section.  The  several  out- 
croppings  and  iron  hats  indicate,  however,  that  in  this  zone,  as  well 
as  the  second,  lodes  occur.  Workable  ores  have  been  found  in  abun- 
dance in  the  third  (black  slate)  zone. 

The  history  of  these  mines  may  be  divided  into  three  periods : 

I.  From  the  date  of  the  earliest  information  to  1579. 
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II.  From  the  absorption  of  the  mines  by  the  government  in  1580 
to  the  commencement  of  the  Adalbert  shaft  in  1779. 

III.  From  1779  to  the  reaching  of  the  1000  meter  level  in  1876. 
A  detailed  acconnt  of  the  mines  at  Pribram  would  too  greatly 

extend  the  limits  of  this  article,  and  therefore  only  a  few  items  in 
regard  to  their  operation  can  be  given.  The  Adalbert  shaft  is  the 
deepest  in  the  world,  measuring  1060  meters  (3478  feet),  or  nearly 
two-thirds  of  a  mile.  Very  little  water  is  met  with  in  any  of  the 
shafts,  and  the  pumping  machinery  is  almost  ridiculously  small  when 
compared  with  the  immense  hoisting  engines,  which  are  of  300  horse 
power,  have  drums  over  30  feet  in  diameter,  and  raise  the  ore  from 
the  bottom  to  the  surface  in  the  space  of  two  minutes.  For  the  last 
century  the  mines  have  been  most  carefully  and  systematically  worked. 
The  shafts  and  gangways  are  kept  well  in  advance  of  the  profitable 
workings,  and  a  large  amount  of  reserve  ore  is  always  on  hand. 
The  method  of  mining  by  overhand  stoping  is  followed  exclusively. 

At  the  close  of  the  year  1878  enough  ore  remained  in  the  upper 
levels  to  keep  the  mills  going  for  thirty-three  years.  The  amount 
of  material  taken  from  all  the  mines  in  the  year  1879  was  66,957 
tons,  from  which  26,751  tons  of  galena  were  obtained,  yielding 
156,940  pounds  of  silver  and  12,696  tons  of  lead,  representing  a 
value  of  $4,169,125.  From  1876  to  1878  the  mining  capital  em- 
ployed was  $186,786,  or  an  average  of  $62,262  a  year,  during  which 
time  the  works  yielded  $1,738,983,  or  an  average  of  $579,661  a  year, 
compared  with  $355,039  a  year  of  the  preceding  period. 

The  number  of  men,  women,  and  children  employed  in  skilled 
and  ordinary  labor  at  the  works  amounts  to  5177.  They  are  paid 
at  the  rate  of  from  20  cents  to  62  cents  a  day. 

The  buildings,  together  with  the  plant  for  the  separation  and  con- 
centration of  the  ores  obtained  from  the  various  shafts,  are  as  fol- 
lows: 

I.  The  Adalbert  ore-dressing  house  in  the  immediate  vicinity  of 
the  Adalbert  shaft,  containing  two  similar  sets  of  revolving  separat- 
ing screens,  twelve  jigging  machines,  a  washing  trommel  provided 
with  a  set  of  three  revolving  separating  screens  and  a  rotating  pick- 
ing-table, and  three  sets  of  Cornish  rolls  with  their  screens.  In  con- 
nection with  the  building  there  is  also  a  basin  or  sump  for  the  col- 
lection of  the  slimes  resulting  from  the  various  operations,  which  is 
283  square  meters  (3046  square  feet)  in  area  and  1.5  meters  (4.9  feet) 
deep. 

II.  The  Adalbert  roll-house,  provided  with  six  sets  of  rolls  and 
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revolving  screens,  four  jigging  machines,  three  Salzburger  percus- 
sion-tables, and  a  sump  254  square  meters  (2734  square  feet)  in  area 
and  1  meter  (3.3  feet)  deep. 

III.  The  Adalbert  stamp-mill,  provided  with  forty-eight  stamps, 
one  Dingey  mill,  three  sets  of  jigging  machines,  three  Rittinger 
percussion-tables,  eighteen  Salzburger  percussion-tables,  and  a  sump 
48  square  meters  (517  square  feet)  in  area  and  2.5  meters  (8.2  feet) 
deep. 

IV.  The  Anna  ore-dressing  house,  provided  with  three  rotating 
picking-tables,  one  stone  crusher,  two  sets  of  rotating  separating 
screens,  seven  Salzburger  percussion-tables,  three  Rittinger  percus- 
sion-tables, eight  jigging  machines,  and  a  sump  84  square  meters 
(904  square  feet)  in  area  and  2.5  meters  (8.2  feet)  deep. 

V.  The  Anna  roll-house,  containing  five  sets  of  rolls,  three  jigging 
machines,  two  centrifugal  pumps,  and  a  sump  66  square  meters  (710 
square  feet)  in  area  and  1.3  meters  (4.3  feet)  deep, 

VI.  The  Anna  stamp-mill,  provided  with  132  stamps,  five  jigging 
machines,  eight  Rittinger  percussion-tables,  thirty-five  Salzburger 
percussion-tables,  a  plunger  pump,  and  a  sump  403  square  meters 
(4338  square  feet)  in  area  and  1.3  meters  (4.3  feet)  deep. 

VII.  The  Thiunfeld  stamp-mill,  with  forty-five  stamps,  two  sets 
of  jigs,  twenty-two  Salzburger  percussion-tables,  and  a  sump  3000 
square  meters  (32,292  square  feet)  in  area  and  1.5  meters  (4.9  feet) 
deep. 

VIII.  The  Lill  ore-dressing  house,  containing  a  washing  trommel 
provided  with  a  set  of  three  rotating  separating  screens,  two  jigging 
machines,  a  rotating  picking-table,  six  Salzburger  percussion-tables, 
two  magnetic  machines,  two  sets  of  crushing  rolls,  a  small  roasting 
oven,  and  a  sump  67  square  meters  (721  square  feet)  in  area  and  1.5 
meters  (4.9  feet)  deep. 

IX.  The  Stephanie  ore-dressing  house,  containing  a  washing  trom- 
mel provided  with  three  separating  revolving  screens,  eight  jigging 
machines,  two  Rittinger  percussion-tables,  and  eight  Salzburger  per- 
cussion-tables. 

X.  The  Stephanie  rolling-mill,  provided  with  four  sets  of  rolls, 
three  jigging  machines,  and  one  Rittinger  percussion-table. 

XI.  The  Stephanie  stamp-mill,  with  thirty-six  stamps,  one  jigging 
machine,  and  four  Salzburger  percussion-tables. 

XII.  The  new  rolling-mill  at  the  Anna  shaft.  Contrary  to  the 
former  system  of  arranging  the  plant  all  on  the  same  level,  this 
building,  like  a  new  one  in  construction,  is  three-storied.     The  plant 
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consists  of  eight  sets  of  rolls,  the  coarsest  in  the  upper  story,  two 
separating  trommels,  seven  sets  of  jigging  machines,  one  plunger 
pump,  one  Heberle  mill,  ten  Salzburger  percussion-tables,  and  a 
sump  144  square  meters  (1550  square  feet)  in  area  and  1.5  meters 
(4.9  feet)  deep. 

ANNA    ORE-DRESSING    HOUSE. 

The  knockings  [gruhenhlein)  under  64  mm.  (2.5  inches)  in  diameter 
are  transported  direct  from  the  shaft  to  the  sorting-house  in  cars  and 
dumped  into  a  large  shoot,  constructed  of  masonry,  situated  at  one 
side  of  the  building.  This  shoot  is  provided  with  two  openings 
below,  which  communicate  with  a  coarse  rotating  picking-table  by 
means  of  an  inclined  cast-iron  trough,  which  is  supplied  with  warm 
water  from  the  engine-room  above. 

The  bottom  of  the  trough  consists  of  perforated  cast-iron  plates 
0.15  meter  (5.9  inches)  wide  and  0.80  meter  (31,5  inches)  long,  the 
holes  being  32  mm.  (1.26  inches)  in  diameter,  over  which  the  knock- 
ings are  raked  by  boys  with  a  scraper  of  peculiar  shape,  called  a 
Jcratze.  The  rotating  picking-table  (rotirender  tisch),  of  which  the 
details  are  shown  in  Fig.  3,  Plate  II,  consists  of  a  cast-iron  perforated 
ring.  A,  4.4  meters  (14.4  feet)  in  diameter  and  0.6  meter  (23.6  inches) 
wide,  which  is  secured  by  six  arms  of  bar  iron,  B,  to  an  upright 
shaft,  C,  moved  by  a  screw  and  pinion  wheel,  D,  and  working  in  a 
foot-block,  E.  The  ring  is  cast  in  segments,  which  are  bolted  fast 
to  the  arms  extending  from  the  centre-plate.  The  holes  are  10  mm. 
(0.4  inch)  in  diameter  on  the  top,  and  are  made  a  little  larger  at 
the  bottom  so  as  to  prevent  pieces  of  material  from  being  lodged  in 
them.  The  table  takes  three  minutes  to  make  a  revolution,  and  re- 
quires 0.064  horse  power.  Just  before  passing  on  to  the  picking- 
table,  the  material  is  still  further  washed  by  means  of  a  shower  of 
water. 

By  passing  over  the  grate,  the  knockings  are  separated  into  two 
divisions,  namely,  such  pieces  as  are  above  32  mm.  in  diameter, 
which  pass  on  to  the  coarse  rotating  picking-table,  and  such  as  are 
under  32  mm.  in  diameter,  which  fall  on  a  second  grate,  the  holes  of 
which  are  22  mm.  (0.87  inch)  in  diameter.  Here  another  division 
takes  place,  and  pieces  above  22  mm.  in  diameter  pass  to  a  fine 
rotating  picking-table,  while  those  under  22  mm.  in  diameter,  to- 
gether with  the  water  (lauterwasser),  pass  into  a  receiver  and  are 
conducted  to  the  separating  revolving  screens  (trommels),  situated  in 
the  jigging-house,  which  will  be  later  considered. 

The  pickers,  boys  from  eight  to  fifteen  years  of  age,  stand  around 
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the  rotating  picking-tables  and  separate  the  knockings  into  two  di- 
visions, ivende  and  waste  rock  (bcrge). 

This  wende  consists  of  pieces  of  ore  greater  than  2.5  inches  in  di- 
ameter. The  waste  (berge)  is  loaded  into  cars  and  removed  to  the 
waste  dump,  while  the  wende  is  taken  to  separating-tables  and  there 
divided  into  three  sorts:  galena  (scheideerz)^  ore  for  crushing  {mittel- 
erz)t  and  ore  for  stamping  [pocherz). 

The  scheideerz  is  further  divided  into  good  ore  [guteserz),  which 
goes  direct  to  the  smelting  works,  and  middle  ore  {mittelerz),  which 
is  worked  with  the  ore  for  crushing.  The  ore  for  stamping  is  loaded 
into  cars  and  transported  to  the  stamp-house. 

The  ore  crusher  is  similar  in  general  construction  and  details  to 
the  Blake  crusher.  Its  jaws  are  0.42  meter  (16.5  inches)  long,  and 
0.25  meter  (9.8  inches)  wide,  and  give  two  hundred  bites  a  minute 
of  4  mm.  (0.16  inch)  each.  The  material  passing  through  this 
crusher  falls  on  a  series  of  three  sieves,  suspended  at  an  inclination 
of  28°,  which  receive  an  up-and-down  motion  of  40  mm.  (1.6  inches) 
by  being  attached  to  the  pitman  of  the  crusher.  The  holes  in  the 
punched  plate  screen  in  the  first  sieve  are  15  mm.,  in  the  second  10 
mm.,  and  in  the  third  1.5  mm.  (0.59,  0.39,  and  0.06  inch). 

The  product  of  a  size  under  1.5  mm.  (mehl),  which  is  about  4  per 
cent,  of  the  material  crushed,  is  concentrated  on  jigging  machines, 
which  will  be  referred  to  subsequently.  The  product  between  1.5 
mm.  and  10  mm.  (gries),  which  is  10  per  cent,  of  the  amount  crushed, 
is  likewise  jigged.  The  product  between  10  mm.  and  15  mm. 
{graupen)j  which  is  16  per  cent,  of  the  material  crushed,  is  jigged, 
if  rich  enough,  otherwise  it  is  taken  to  the  crushing-house.  The 
size  over  15  mm.  (ilberfaU)  goes  also  to  the  crushing-house. 

The  several  grades  of  material  from  the  sorting-house,  known  as 
quetscherz  (ore  which  requires  to  be  crushed),  are  transported  in  cars 
and  dumped  into  a  shoot  directly  over  the  first  pair  of  rolls.  These 
rolls  are  of  the  form  known  as  Cornish  rolls,  and  consist  of  two  cast- 
iron  cores,  on  which  steel  shells,  0.468  meter  (18.4  inches)  in  diam- 
eter and  0.316  meter  (12.4  inches)  wide,  are  wedged.  One  of  the 
bearings  is  stationary  in  the  frame  and  the  other  movable.  The  roll- 
ers are  kept  in  contact  by  means  of  india-rubber  springs  or  buffers, 
and  are  connected  by  means  of  cog-gearing  with  involute  teeth  adapted 
to  the  constant  variation  of  the  distance  between  the  centres  of  the 
rolls,  caused  by  the  difference  in  size  of  the  material  crushed.  A 
heavy  rimmed  fly-wheel  is  keyed  to  the  power  shaft;  a  small  cog- 
wheel, gearing  into  a  larger  one,  is  keyed  to  the  axis  of  the  station- 
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ary  roller.  On  the  other  end  of  this  axis  a  cog-wheel  is  keyed, 
gearing  into  another  cog-wheel  on  the  axis  of  the  movable  roller. 
The  automatic  feed  consists  of  a  fixed  sheet-iron  hopper,  under  which 
is  a  spout  made  of  heavy  sheet  iron,  which  receives  a  shock,  caused 
by  the  striking  of  a  shoulder  on  its  under  side  against  the  fixed  frame 
of  the  rolls,  the  motion  being  imparted  by  means  of  a  small  cam- 
wheel  and  rubber  buffer.  The  sides  of  the  rolls  are  provided  with 
upright  pieces  of  sheet  iron  for  the  purpose  of  preventing  a  scatter- 
ing of  the  material  coming  from  the  feed.  Running  at  the  rate  of 
thirty-six  revolutions  a  minute,  on  mittelkoni  measuring  12  mm. 
(0.47  inch)  in  diameter,  2  horse  power  is  required,  and  on  material 
measuring  26  to  39  mm.  (1.02  to  1.53  inches),  5  horse  power.  The 
power  is  imparted  to  the  cam-shaft  of  the  feed  either  by  means  of 
belting  or  by  cog-gearing. 

The  ore  and  water  from  the  sorting-house  flow  on  to  a  revolving 
screen,  and  is  separated  into  three  sizes — 9  mm,,  12  mm.,  and  16  mm. 
(0.35,  0.47,  and  0.63  inch).  The  stuff  under  9  mm.  passes  into  a 
second  revolving  screen,  where  it  is  likewise  divided  into  three  sizes 
— 6  mm.,  4  mm.,  and  2  mm.  (0.23,  0.16,  and  0.08  inch).  The 
screens  are  cylindrical,  1  meter  (3.28  feet)  in  diameter  and  3.3  meters 
(10.83  feet)  long.  They  make  from  eighteen  to  twenty  revolutions 
a  minute,  are  set  at  an  angle  of  2J°,  and  require  together  1.17  horse 
power. 

The  ore  to  be  crushed  passes  ''dry"  through  the  coarse  rolls,  and 
the  crushed  material  passes  over  an  inclined  sieve  of  0.5  mm.  (0.02 
inch)  mesh;  the  stuff  passing  through  this  sieve  is  conveyed  by 
means  of  an  endless  screw,  situated  in  a  trough  under  the  floor,  to 
an  elevator  [  pater nosterwey^k).  This  elevator  consists  of  a  leather 
band  0.24  meter  (9.45  inches)  wide,  with  thirty-two  sheet-iron  buck- 
ets attached,  passing  over  pulley- wheels  above  and  below,  which 
make  sixteen  revolutions  a  minute.  The  lower  pulley-wheel  is 
keyed  to  the  axis  of  the  endless  screw.  The  screw  is  4  meters 
(13.12  feet)  long,  0.316  meter  (12.44  inches)  in  diameter,  and  0.1054 
meter  (4.15  inches)  pitch.  The  elevator  raises  the  material  to  the 
hopper  of  a  revolving  screen  situated  on  the  floor  above.  The  mate- 
rial over  0.5  mm.  (0.02  inch)  in  diameter  is  thrown  by  hand  into  a 
fine  roller,  the  crushed  product  from  which  is  also  conducted  to  the 
screen  in  the  upper  story  by  means  of  the  endless  screw  and  elevator. 
This  revolving  screen  is  3  meters  (9.84  feet)  long,  1  meter  (3.28  feet) 
in  diameter  at  the  larger  end,  and  0.632  meter  (2.07  feet)  at  the 
smaller.     The  screen,  screw,  and  elevator  require  1.29  horse  power. 
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This  revolving  screen  separates  the  material  into  four  divisions,  the 
first  and  second  (the  finest)  being  together  farther  separated  on  a 
pounding  sieve  (stossrdtter),  which  is  simply  a  sieve  5  feet  long  by  18 
inches  wide,  with  a  perforated  copper-plate  bottom  of  0.5  mm.  (0.02 
inch)  mesh,  suspended  by  iron  hooks  in  a  stout  wooden  frame,  and 
.receiving  a  shock,  imparted  by  an  arrangement  similar  to  the  one 
already  described  in  connection  with  the  automatic  feed  of  the  rollers. 

The  stuif  passing  through  the  sieve,  containing  0.014  per  cent, 
silver,  21  per  cent,  lead,  and  5.4  per  cent,  zinc,  is,  owing  to  its  ex- 
ceedingly fine  state  of  division,  sent  directly  to  the  smelting  works. 
The  coarser  stuff  passing  away  from  this  sieve  is  concentrated  in  a 
jigging  machine,  with  0.5  inch  stroke,  working  at  180  strokes  a 
minute.  The  object  of  this  separation  on  the  stossrdtter,  before  treat- 
ing the  material  directly  on  the  jig,  is  to  bring  about  as  good  a  sepa- 
ration as  possible  between  the  very  finest  (mehl)  and  the  next  larger 
size  {gries),  since  by  the  omission  of  this  operation  before  jigging 
considerable  loss  would  be  experienced  by  the  passing  away  of  the 
very  finest  stuff  with  the  water  from  the  jig.  For  this  purpose  the 
stossrdtter,  with  its  motion  given  by  shocks,  is  found  to  work  better 
than  the  revolving  screen. 

The  third  division  coming  from  the  revolving  screen  is  jigged  in  a 
machine  making  160  strokes  of  19  mm.  (0.75  inch)  a  minute,  and 
the  fourth  product,  that  passing  off  the  screen,  falls  through  a  verti- 
cal shoot  to  a  roller  below,  in  front  of  which  is  an  inclined  sieve  of  1 
mm.  (0.04  inch)  mesh.  Here  two  products  are  obtained :  that  portion 
passing  through  the  sieve  is  carried  by  the  endless  screw,  before 
mentioned,  to  the  elevator,  and  again  to  the  revolving  screen,  while 
the  coarser  portion  is  removed  to  a  roller  in  an  adjoining  room,  to 
which  a  three-sieved  revolving  screen  is  attached,  which  divides  the 
material  into  four  sizes,  all  except  the  largest  being  jigged.  This 
latter  is  removed  to  an  adjoining  fine  roll,  the  crushed  product  from 
which  likewise  passes  through  a  three-sieved  rotating  screen,  with 
meshes  3,  2,  and  1  mm.  (0.12,  0.08,  and  0.04  inch)  in  size,  all  the 
material  obtained  being  jigged.  The  finest  product  is  worked  with 
the  finest  product  resulting  from  the  former  revolving  screen  on  a 
jig  making  160  strokes  of  0.75  inch  a  minute,  and  the  two  coarser 
products,  with  the  two  coarser  products  from  the  other  screen,  are 
jigged  together  in  a  machine  working  with  120  strokes  of  1  inch  a 
minute. 

The  room  in  which  the  coarse  rollers  and  the  elevator  are  situated 
contains  also  three  continuous  working  three-sieved  jigging  machines, 
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in  which  the  separation  takes  place  through  the  sieves.  The  sieves 
are  situated  on  the  same  level  and  are  divided  by  a  wooden  partition 
60  mm.  (2  inches)  high,  surmounted  by  a  piece  of  sheet  iron  of  a  semi- 
cylindrical  form,  which  by  means  of  two  set  screws  may  be  elevated 
or  depressed,  thus  regulating  the  passage  of  the  material  over  the 
partition.  These  jigs  are  of  wood,  with  round  bottoms,  and  have  an 
eccentric  so  constructed  that  the  stroke  can  be  readily  changed. 

The  material  coming  from  the  sorting-house  before  mentioned 
passes  into  another  revolving  screen  ;  the  coarsest  is  worked  on  a 
stossrdtter,  and  the  two  middle  products,  as  well  as  the  four  products 
resulting  from  the  fine  screen  are  treated  on  jigs.  Some  of  this 
material  coming  from  the  sorting-house  is  passed  into  a  similar 
revolving  screen,  the  finest  portion  from  which  passes  over  an  in- 
clined fixed  screen,  and  is  divided  into  two  parts,  the  coarser  of 
which  is  jigged  with  the  second  product  from  the  finer  of  the  first 
mentioned  revolving  screens,  and  the  finer  is  jigged  with  the  finest 
or  first  product  from  the  same  screens.  The  second  and  third  prod- 
ucts of  the  revolving  screen  are  jigged  with  the  third  product  of  the 
coarser  of  the  pair  of  revolving  screens.  The  fourth  or  coarsest  prod- 
uct is  worked  on  a  stossrdtter'  with  the  coarsest  product  resulting 
from  the  coarser  of  the  pair  of  revolving  screens.  The  pair  of  classi- 
fying revolving  screens  make  18  to  20  revolutions  a  minute,  are 
cylindrical  in  form,  slightly  inclined,  1  meter  (3.28  feet)  in  diameter, 
4.187  meters  (13.74  feet)  long,  and  require  together  1.17  horse 
power. 

The  new  rolling  mill  at  the  Anna  shaft,  as  before  mentioned,  is  a 
three-storied  building.  The  material  is  conveyed  in  cars  to  the  two 
sets  of  coarse  rolls  situated  in  the  upper  story,  by  means  of  an  in- 
clined plane.  The  crushed  product  passes  through  a  shoot  to  six 
sets  of  fine  rolls  in  the  story  below,  0.312  meter  (12.28  inches)  wide 
and  0.465  meter  (18.31  inches)  in  diameter,  which  makes  15  revolu- 
tions a  minute.  From  the  rolls  the  crushed  product  passes  into  two 
cylindrical  separating  screens,  each  of  which  is  1  meter  (3.28  feet) 
in  diameter  and  3  meters  (9.81  feet)  long,  with  2,  4,  and  6  mm. 
(0.08,  0.16,  and  0.24  inch)  mesh,  and  works  on  friction  rollers.  The 
material  over  6  mm.  is  conveyed  by  transport  screws  to  a  bucket 
elevator,  and  again  passed  through  the  fine  rolls,  while  the  4  mm. 
and  6  mm.  stuff  passes  through  shoots  to  bedded  three-sieved  con- 
tinuous jigging  machines  situated  on  the  floor  below. 

The  2  mm.  stuff  is  concentrated  on  two  fine  jigging  machines, 
making  190  strokes  of  2.6  mm.  (0.1  inch)  a  minute.     The  4  mm. 
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stuif  is  concentrated  on  two  middle  jigging  machines,  making  175 
strokes  of  3.9  mm.  (0.15  inch)  a  minute.  The  6  mm.  stuff  is  con- 
centrated on  two  coarse  jigging  machines,  making  160  strokes  of  8 
to  10  mm.  (0.3  to  0.4  inch)  a  minute. 

These  jigging  machines  are  constructed  and  worked  in  the  usual 
way,  except  that  the  material  from  the  rolls,  instead  of  passing  di- 
rectly to  the  jigs,  is  first  mixed  with  water  and  then  passes  into  a  small 
spitzkasten  (pointed  hopper)  from  which  the  heavier  particles  pass 
through  a  short  wooden  pipe  to  the  jigging  machine,  while  the  lighter 
particles,  together  with  the  overflow  of  water,  pass  away  from  the 
spitzkasten,  and  are  conducted  through  a  series  of  catch  pits,  the  set- 
tlings from  which  are  concentrated  on  Salzburger  percussion-tables. 
The  jigging  machines  concentrating  the  4  and  6  mm.  stuff  are  pro- 
vided with  moderators  on  the  first  and  second  sieves  in  order  to  re- 
move the  coarser  lead  particles. 

THE   MIDDLE   JIGGING   MACHINE. 

The  detailed  construction  of  this  machine  is  shown  in  plan  and 
section  in  Fig.  4,  Plate  II.  At  the  head  of  the  jig  is  a  self-feeding  ap- 
paratus, A,  worked  by  a  rubber  buffer  and  a  cam,  C,  receiving  its 
power  from  the  shaft,  S.  The  sieves  of  3  mm.  (0.12  inch)  mesh  rest  on 
a  slightly  inclined  wooden  grate,  which  is  36  inches  long  and  18  inches 
wide.  The  jig  boxes,  D,  below  the  sieves  are  pyramidal  in  shape, 
thus  preventing  the  accumulation  of  material  on  the  sides,  as  fre- 
quently occurs  in  the  case  of  round  bottoms.  The  piston  is  con- 
structed of  4-inch  timber,  its  upper  surface  being  on  the  same  level  as 
the  sieve,  which  is  thus  always  covered,  preventing  the  swashing  of 
water  and  the  sucking  down  of  air.  Each  piston  is  suspended  by 
connecting-rods  from  two  eccentrics,  the  stroke  of  which  can  be  regu- 
lated at  pleasure  between  the  limits  of  0  and  1.5  inches.  The  water 
used  in  the  process  passes  into  the  water  box,  E,  one  side  of  which  acts 
as  a  screen,  thus  preventing  particles  of  material  from  passing  into 
the  pump  by  which  the  water  is  lifted  out.  This  pump  consists  of 
a  propeller  keyed  to  the  foot  of  a  vertical  axle,  which  receives  a  rapid 
motion  of  220  revolutions  a  minute  by  means  of  the  friction 
wheels,  F  and  G  ;  it  lifts  the  water  from  8  to  12  inches  to  a  sieve  for 
tlie  purpose  of  freeing  it  from  all  foreign  matters,  such  as  chips,  etc. 
The  water  is  then  conducted  through  the  distributing  box,  H,  to  the 
piston  boxes  of  the  jigs.  During  the  operation  a  small  quantity  of 
water  is  necessarily  lost ;  this  is  replenished  from  time  to  time  by 
mean  of  fresh  water  admitted  through  the  pipe,  I.    The  surface  of  the 
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friction  wheel,  F,  is  covered  with  leather  so  as  to  produce  a  better 
friction,  and  the  wheel,  G,  is  slightly  bevelled.  These  two  wheels  can 
be  brought  into  closer  contact  by  means  of  a  screw  cut  on  the  power 
shaft  in  a  direction  contrary  to  the  motion.  The  sterile  portion  of 
the  material  passes  into  the  foot  of  a  cylindrical  cast-iron  trough,  set 
at  an  anoxic  of  25°,  containino;  an  archimedean  screw  set  in  motion 
by  spur  gearing,  by  which  it  is  lifted  into  a  car.  The  diameter  of 
the  screw  is  8  inches,  and  that  of  its  axis  2  inches  ;  it  has  a  pitch  of 
4  inches,  and  makes  40  revolutions  a  minute.  The  material  passing 
through  the  screen  accumulates  in  the  boxes,  D,  from  which  it  is 
withdrawn  from  time  to  time  into  receivers.  The  coarser  material 
remaining  on  the  screens  forms  a  bed,  the  thickness  of  which  can  be 
regulated  by  raising  or  lowering,  by  means  of  thumb-screws,  a  sheet- 
iron  cylinder,  10  inches  high  and  6  inches  in  diameter.  When  a 
sufficient  amount  of  the  enriched  material  has  collected  on  the  sieve 
bottom,  it  is  drawn  off  through  the  discharge-pipes,  P,  which  are  from 
1.5  to  2.5  inches  in  diameter. 

At  the  bottom  of  this  discharge  is  a  valve  arrangement  (mode- 
rator) by  means  of  which  the  outflow  of  material  is  regulated.  The 
material  from  the  first  sieve  passing  through  the  discharge-pipe,  as 
well  as  that  passing  through  the  sieve,  is  sent  to  the  smelting  works. 
The  material  passing  through  the  discharge-pipe  of  the  second 
sieve  is  sent  to  the  crushing  mills,  while  that  passing  through  the 
sieve  is  reconcentrated  on  fine  jigging  machines.  Stuff  from  4  to  12 
mm.  (0.16  to  0.46  inches)  in  diameter  [wdschgraupen)  is  generally 
worked  on  this  jig.  Material  of  4  mm.  requires  160  strokes  of  1  inch 
a  minute,  and  produces  17  cubic  feet  of  concentrated  products  an 
hour.  The  propeller-pump  lifts  3.4  cubic  feet  of  water  a  minute. 
Material  of  12  mm.  requires  160  strokes  of  1.5  inches  a  minute,  and 
produces  27  cubic  feet  of  concentrated  material  an  hour.  In  this 
case  the  pump  lifts  6  cubic  feet  of  water  a  minute.  In  both  cases 
0.75  horse  power  is  required. 

The  sterile  material  which  passes  away  from  this  jig  (berge)  is 
exceedingly  poor,  containing  only  from  0.25  to  0.37  per  cent,  lead, 
and  0.004  to  0.005  per  cent,  silver.  The  amount  of  water  wasted  is 
from  0.75  to  1  cubic  foot  a  minute.  In  the  case  of  the  4  mm. 
stuff,  the  concentrated  material  from  the  discharge-pipe  of  the  first 
sieve  contains  0.567  per  cent,  silver,  and  81.62  per  cent,  lead  ; 
that  from  the  discharge-pipe  of  the  second  sieve,  0.046  per  cent, 
silver  and  3.12  per  cent.  lead. 

In  the  case  of  the  12  mm.  stuff,  the  concentrated  material  from  the 
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discharge-pipe  of  the  nrst  sieve  contains  0.61  per  cent,  silver  and 
72.75  per  cent,  lead  ;  that  from  the  discharge-pipe  of  the  second 
sieve  0.05  percent,  silver  and  4.37  per  cent.  lead.  The  12  mm.  stuff 
before  concentration  contained  0.042  per  cent.  (13 J  oz.  to  ton)  silver 
and  4.25  per  cent.  lead. 

The  Anna  stamp-mill  (pochwerJc)  consists  of  four  buildings:  1st. 
Stamp-house  proper.  2d.  Jigging-house.  3d  and  4th.  Slime  con- 
centrating-houses.  The  power  used  in  these  four  buildings  is  sup- 
plied by  a  Wolf  engine  of  80  horse  power,  situated  at  the  lower 
end  of  the  stamp-house,  and  a  Schwamkrug  turbine  of  60  horse 
power,  situated  at  the  upper  end  of  the  jigging-house,  on  a  level 
with  the  Joseph  II  adit.  The  water  supply  for  the  turbine  is  ob- 
tained from  the  ov^erflow  of  the  slime-pits  of  the  Adalbert  concen- 
trating-house,  and  has  a  fall  of  137  feet.  As  a  constant  supply  of 
v\^ater  from  this  source  cannot  be  relied  upon,  the  shafting  for  the 
transmission  of  power  is  so  arranged  that  the  stamp-mill  may  be 
run  by  the  engine  alone,  and  the  remaining  buildings  by  the  turbine 
in  case  there  is  sufficient  water;  or,  should  the  water  supply  entirely 
fail,  the  engine  is  capable  of  supplying  the  necessary  power  for  oper- 
ating all  four  buildings.  The  power  is  transmitted  from  the  main- 
shaft,  extending  the  entire  length  of  the  stamp-house,  to  the  other 
buildings  by  means  of  endless  wire  ropes,  for  which  purpose  the 
condemned  ropes  from  the  various  shafts  are  brought  into  requisi- 
tion. 

STAMP-HOUSE. 

The  stamps,  132  in  number,  are  arranged  in  two  rows,  extending 
the  entire  length  of  the  building.  In  designing  the  stamp-house  it 
was  intended  to  provide  for  the  laying  down  of  10  stamp-mills,  each 
mill  consisting  of  4  sets  of  3  stamps  each.  During  the  past  few 
years,  however,  experiments  with  various  forms  of  stamps  have  been 
tried,  so  that  in  the  fall  of  1880  four  styles  of  stamps  were  in  use, 
namely,  96  ordinary  stamps  with  square  stems  of  timber,  30 
stamps  with  square  steel  stems,  3  California  round-stemmed  revolv- 
ing stamps,  and  3  stamps  with  open  {geschUtzte)  stems.  The  stems 
of  the  ordinary  stamps  are  of  beech,  13  feet  long  and  6  inches 
square  ;  the  stamp-heads  are  of  wrought  iron,  also  6  inches  square, 
9  inches  high,  and  weighing,  on  an  average,  100  pounds.  The  tap- 
pets are  of  cast  iron,  set  into  the  stem,  and  secured  there  by  wedges 
below  and  above,  thus  permitting  the  change  of  the  position  of  the 
tappet  as  necessitated  by  the  wear  of  the  stamp-head.     The  stem, 

tappet,  and   shoe  weigh   together  about  207  pounds.     The  stamps 
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have  a  lift  of  8  to  10  inches,  fall  at  the  rate  of  60  blows  a  minute, 
and  are  capable  of  crashing  101,250  pounds  of  ore  in  24  hours, 
requiring  0.4  cubic  foot  of  water  a  minute  for  each  stamp.  The  iron 
cams,  which  are  keyed  to  the  wrought-iron  cam-shaft,  are  double,  as 
shown  in  Fig.  5,  Plate  II.  The  cam-shafts  are  14.13  meters  (46.4 
feet)  long  and  0.11  meter  (4.4  inches)  in  diameter,  and  weigh  800 
pounds.  They  are  provided  with  key  seats,  for  the  fastening  of  the 
cams  in  their  places,  and  are  supported  by  three  cast-iron  brackets, 
which  carry  the  journal  boxes,  and  are  bolted  to  the  shaft  frame. 

The  main  shaft,  running  parallel  to  the  cam-shafts,  is  connected 
with  them  by  cog  gearing,  and  extends  the  entire  length  of  the 
building,  passing  through  the  wall  and  carrying  a  12-foot  sheave- 
wheel  at  its  extremity,  which  serves  to  transmit  the  power  by  wire 
rope  to  corresponding  sheave-wheels  at  the  other  three  buildings. 
The  water  necessary  for  the  stamps  comes  from  the  slime-pits  of  the 
Anna  c(mcentrating-house,  and  is  raised  into  a  large  iron  tank  situ- 
ated in  the  stamp-house,  by  means  of  a  centrifugal  pump,  receiving 
its  power  from  the  steam-engine.  This  pump  makes  from  500  to 
600  revolutions  and  lifts  from  40  to  50  cubic  feet  of  water  a  minute. 
In  case  the  supply  from  this  source  be  insufficient,  a  portion  of  the 
overflow  from  the  ten  reduction-boxes  (spitzkasten)  adjoining  the 
stamp-house  is  used.  From  this  reservoir  the  water  is  delivered 
through  distributing  troughs  to  the  batteries. 

It  has  been  ascertained  by  experiment  that  better  results  are 
obtained  when  the  pocherz  (ore  for  stamping)  is  mixed  with  about 
one-half  its  quantity  of  miitelerz  from  the  Adalbert  concentrating- 
house. 

The  style  of  battery  exclusively  used  is  known  as  the  Stausatz,  or 
Stay  battery,  as  devised  by  Rittinger  and  shown  in  Fig.  6.  The 
essential  feature  of  this  battery  is  a  damming  of  the  water  before  the 
screen  by  means  of  a  coffer-box,  for  the  purpose  of  dislodging  by 
the  swash  of  the  water  all  foreign  matters,  such  as  chips,  etc.,  which 
tend  gradually  to  close  up  the  meshes  of  the  screen.  This  coffer-box 
has  sloping  sides,  and  is  provided  with  a  stop-cock  at  its  lower  end, 
by  which  the  height  of  the  water  in  the  mortar  can  be  regulated,  and 
which  also  serves  for  the  removal  of  the  crushed  product.  The 
stamp-bed  consists  of  a  die  and  bed-plate,  both  of  cast  iron.  The 
bed-plate  is  0.68  meter  (26.77  inches)  long,  0.120  meter  (4.72  inches) 
thick,  and  0.20  meter  (7.87  inches)  wide,  the  die  being  somewhat 
smaller  in  section,  both  extending  the  entire  length  of  the  mortar. 
The  bed-plate  rests  on  blocks  of  wood  set  on  end,  which  are  sup- 
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ported  on  cross-sills.  The  die  does  not  fill  the  entire  space  of  the 
mortar,  but  is  secured  by  wedges,  so  that  it  can  be  turned  when  the 
uppei  side  has  become  worn,  and  eventually  can  be  easily  removed. 
The  screen  is  of  brass  wire,  with  2  mm.  (0.08  inch)  mesh,  its  frame 
being  of  wood,  0.675  meter  (26.58  inches)  long  and  0.32  meter  (12.6 
inches)  wide. 

In  the  case  of  the  ordinary  wooden  stamps,  the  ore  from  the  shoot, 
situated  in  the  rear  of  the  battery,  passes  through  an  automatic  feed 
to  the  central  stamp.  This  automatic  feed  consists  essentially  of  a 
stout  wooden  trough,  having  an  inclination  nearly  corresponding  to 
that  of  the  bottom  of  the  shoot,  supported  by  a  timber  extending 
between  two  of  the  uprights  of  the  shoot-frame.  A  cross-piece  is 
mortised  into  the  lower  end  of  the  trough,  which  carries  a  vertical 
stick  of  hard  wood,  about  three  inches  in  diameter,  the  upper  end  of 
which  receives  a  blow,  when  the  stamp  is  ^'  hungry,'^  from  the  back 
projection  of  the  tappet  through  the  stamp-stem.  This  style  of  feed 
is  exceedingly  simple  and  effective.  On  the  front  and  rear  of  the 
shaft-stem  cast-iron  guides  triangular  in  section  are  bolted,  which 
slide  i;i  corresponding  slots,  serving  the  purpose  of  keeping  the 
stems  in  position. 

The  stamps  with  square  steel  stems  are  disposed  in  six  batteries 
of  five  stamps  each.  The  details  of  the  battery  do  not  differ  from 
those  already  described  ;  the  shaft  stems  are  of  Bessemer  steel  0.052 
meter  (2.05  inches)  square,  and  3.35  meters  (11  feet)  long,  and  weigh 
142  pounds,  being  somewhat  bevelled  at  the  lower  extremity  so  as  to 
fit  into  the  shoe.  In  November,  1879,  the  form  of  the  stamp-heads 
was  changed  from  a  square  to  a  rectangular  section,  after  the  pattern 
adopted  at  Clausthal  in  1872.  By  this  arrangement  space  is  ob- 
tained for  two  more  stamps,  representing  an  increased  working  effect 
of  60  percent.,  without  necessitating  an  increase  in  either  the  amount 
of  water,  power,  or  size  of  battery,  and  materially  diminishing  the 
tendency  of  the  stamp-heads  to  beat  out  hollows  (napfpochen)  in  the 
dies.  The  shoes  are  of  Bessemer  cast  steel,  weighing  96  pounds, 
0.184  meter  (7.24  inches)  by  0.105  meter  (4.13  inches)  in  section, 
and  0.37  meter  (14.57  inches)  high,  and  are  oast  with  a  conical  socket 
0.17  meter  (6.69  inches)  deep  for  the  reception  of  the  tapered  end  of 
the  stamp-stem,  which  is  secured  in  its  place  by  means  of  thin  pine 
wedges.  The  tappet  as  shown  in  Fig.  5  is  of  cast  iron,  with  a  pro- 
jection on  the  inner  side,  which  fits  into  corresponding  notches  cut 
in  the  stem  of  the  stamp,  and  is  attached  to  it  by  means  of  a  wrought- 
iron  ring  tightened  by  an  iron  wedge.  This  method  of  securing  the 
tappet  has  been  found  exceedingly  satisfactory. 
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The  stem,  tappet,  and  shoe  together  weigh  about  278  pounds. 
These  stamps  have  a  lift  of  from  0.208  to  0.260  meter  (8.2  to  10.2 
inches),  and  make  60  blows  a  minute;  a  set  of  five  crushes  5000  to 
5600  pounds  in  twenty-four  hours,  requiring  0.1  cubic  foot  of  water  a 
minute  for  each  stamp.  The  arrangement  of  the  guides  is  the  same 
as  that  shown  in  Fig.  5. 

The  open-stemmed  {geschlitzte)  stamps  are  shown  in  detail  in  Fig.  6, 
Plate  II.    At  present  a  battery  of  three  such  stamps  is  in  use.     The 
essential  advantage  of  this  form  of  stamps  is  that  the  stem  is  lifted 
directly  in  its  line  of  gravity,  thus  tending  to  diminish  not  only  the 
friction  exerted  by  the  working  of  the  cam  on  the  tappet,  but  also 
that  of  the  stem  in  the  guides,  a  saving  both  in  wear  and  tear  and 
in  power.     The  stems  are  of  wrought  iron,  0.052  meter  (2.05  inches) 
square  and  8  meters  (9.84  feet)  long,  and  weigh  188  pounds.     The 
bottom  of  the  stem  is  bevelled  and  fastened  to  the  shoe  in  the  manner 
already  described  in  the  case  of  the  square  steel-stemmed  stamps. 
The  sides  of  the  open  portion  are  0.03  meter  (1.18  inches)  thick, 
0.07  meter  (2.76  inches)  wide,  and  are  pierced  with  holes  for  the 
axle  of  the  roller,  which  as  shown  in  Fig.  6  is  stationary,  allowing 
the  roller  to  revolve  about  it.     Formerly  the  roller  and  its  axle  were 
screwed  together  and  revolved  as  one  piece,  but   this  was  not  found 
to  work  as  satisfactorily  as  the  metliod  just  described.     As  will  be 
observed  from  Fig.  6,  the  opening  in  the  stem  of  the  middle  or  feed 
stamp  is  made  somewhat  longer  than  those  of  the  other  two,  thus 
permitting  the  introduction  of  a  piece  of  hard  wood,  which,  when  the 
stamp  becomes  *'  hungry,'^  strikes  upon  the  shorter  projection  of  the 
angle  iron  (troghiecht),  H,  communicating  an  oscillating  motion  to 
the  suspended  feed-trough,  I.      The  shoot  o[)ening  into  the  feed- 
trough  is  furnished  with  sheet-iron  guides,  and  the  front  is  provided 
with  a  sliding  door  for  the  regulation  of  the  discharge  of  ore  on  the 
automatic  feed-trough.     The  shoe,  w^eighing  112  pounds,  has  the 
same  shape  as  that  already  described  in  the  square  steel-stemmed 
stamps.      The  stamp-head,  stem,  and   roller  weigh    together    304 
pounds.     In  1865  a  set  of  three  California  revolving  stamps  \vas  in- 
troduced, which  has  since  met  with  great  favor.     The  stem  is  of 
round  iron,  0.06  meter  (2.36  inches)  in  diameter,  and  tapering  at  its 
lower  end  so  as  to  fit  into  the  socket  in  the  top  of  the  shoe.     The 
stamp-head  as  shown  by  Fig.  5  is  cylindrical  in  form,  0.16  meter 
(6.3  inches)  in  diameter,  and  0.39  meter  (15.3')  inches)  high.     It  is 
made  of  cast  iron,  is  strengthened  with  a  wrought-iron  band  at  the 
top,  and  weighs  200  pounds. 
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The  cams  are  the  same  as  those  used  for  the  other  stamps,  except 
that  the  end  of  the  lifting  surface  is  somewhat  bevelled,  as  shown  in 
Fig.  5,  so  as  to  facilitate  the  revolving  of  the  stems.  The  stamps 
are  held  in  [)osition  and  guided  into  the  mortar  by  cast-iron  guides, 
as  shown  in  Fig.  5,  which  are  situated  above  and  below  the  tappet. 
The  method  of  feed  is  the  same  as  that  already  described  in  the  case 
of  the  square  steel-stem  tned  stamps.  One  of  these  stamp-heads  lasts 
about  three  months  and  wears  down  very  evenly. 

The  stamped  ore  and  water  (tr'dbe)  is  conducted  from  the  stamp- 
house  to  a  series  of  ten  reduction-boxes  {spitzkasten)^  situated  di- 
rectly back  of  the  stamp-house  on  a  lower  level.  These  spitzkastens, 
coustructed  of  heavy  timber,  have  the  form  of  an  inverted  pyramid, 
15  feet  long,  8  feet  wide,  and  9  feet  2  inches  deep,  at  the  apex  of 
which  a  wooden  box  {fusssU'ich),  connected  with  the  spitzkasten  by 
means  of  a  short  i)ipe,  is  attached.  This  fussstllck  is  about  18  inches 
long  and  4  inches  square ;  it  is  provided  at  one  end  with  a  bent  iron 
pipe,  serving  for  the  discharge  of  the  material  settling  in  the  spitz- 
kasten, and  furnished  with  an  aperture  at  the  other  end  for  the  pur- 
pose of  cleaning  when  choked ;  this  aperture  is  closed  by  a  plug 
when  the  spitzkasten  is  in  operation.  By  means  of  this  series  of  ten 
spitzkastens,  the  ore  and  water  {truhe)  is  concentrated  to  one-third 
of  its  original  volume.  The  concentrated  material  is  conducted 
through  a  trough  to  the  jigging-house,  and  the  overflow,  i.  e.,  the  re- 
maining two-thirds,  is  led  to  the  slime-concentrating  buildings,  or, 
in  case  of  a  scarcity  of  water,  a  portion  of  it  is  raised  by  means  of 
the  centrifugal  pump  to  the  tank  in  the  stamp-house  as  before  de- 
scribed. The  jigging-house,  situated  on  the  same  level  as  the  spitz- 
kastens, and  about  30  feet  distant,  contains  two  similar  sets  of  ap- 
paratus arranged  along  the  entire  length.  Each  set  consists  of  five 
spitzluttes,  two  sets  of  four-sieved  fine  jigging  machines,  four  con- 
tinuous Rittinger  stossherds,  four  Salzburger  stossherds,  three  spitz- 
hastens,  and  an  extra  three-sieved  fine  jigging  machine.  There  is  also 
a  system  of  canals  leading  to  a  settling  pit  (sumpf)  situated  outside 
the  building,  for  the  concentration  of  slimes  resulting  from  the 
various  operations. 

A  tramway  extending  along  the  entire  length  of  the  building  on 
each  side,  and  connected  with  the  waste  dumps,  and  also  with 
the  adjoining  slime-house,  facilitates  the  transportation  of  the  con- 
centrated products  and  the  waste  material.  The  concentrated  pro- 
duct from  the  spitzkasten  passes  for  classification  into  a  spitzlutte, 
the  construction  of  which  is  shown  in  Fig.  7,  Plate  II.     The  prin- 
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ciple  of  this  apparatus  is  the  classification  of  material  by  means  of 
an  ascending  column  of  water.  Its  essential  features  consist  of  a 
wedge-shaped  box,  suspended  by  two  hand  screws,  by  means  of 
which  it  can  be  raised  or  lowered  in  the  cavity  of  a  similar  wedge- 
shaped  box,  thus  leaving  a  space  between  the  parallel  sloping 
sides  of  the  wedge,  the  ends  of  the  wedge  fitting  closely  against  the 
perpendicular  sides  of  the  box.  The  interior  of  the  outer  box  is 
brought  to  an  apex  near  its  bottom  by  means  of  two  small  triangular 
blocks  of  wood  fitting  against  the  sides  of  the  wedge.  This  apex 
is  connected  by  means  of  an  iron  pipe,  Q,  with  a  so-called  foot-piece 
{fussstilck),  R,  which  consists  of  a  wooden  pipe,  one  end  of  which 
communicates  with  the  pipe,  G,  for  the  admittance  of  clean  water 
(lauterwasser),  and  the  other  end  with  a  similar  wooden  pipe,  N, 
{austragrohr),  for  the  discharge  of  the  heavier  particles  entering 
the  foot-piece.  The  concentrated  product  from  the  reduction-boxes 
entering  at  A,  flows  down  the  space  B,  comes  in  contact  with  the 
ascending  column  of  water  from  the  foot-piece  through  the  iron  pipe, 
Q,  so  that  only  the  heaviest  particles  find  their  way  into  the  foot- 
piece.  The  lighter  particles  aided  by  the  ascending  flow  of  water 
pass  up  the  side,  H,  and  are  conducted  through  a  gutter  to  another 
spitzlutte  similar  in  construction  to  the  one  just  described.  The 
coarser  and  heavier  division  of  the  material  coming  from  the  spitz- 
lutte passes  directly  to  a  four-sieved  jigging  machine,  similar  in  con- 
struction to  the  one  already  described.  These  machines  work  with 
160  strokes  of  8  mm.  (0.31  inch)  a  minute,  the  separation  taking 
place  through  the  sieve,  which  is  made  of  brass  wire  of  0.47  mm. 
(0.018  inch)  mesh  and  supported  by  a  perforated  heavy  sheet-iron  plate 
with  holes  2.5  mm.  (0.1  inch)  in  diameter,  which  is  covered  with  a 
bed  of  iron  granules  and  acts  the  part  of  a  sieve,  the  schlich  (fine  stuff 
ore)  passing  through  both  this  bed  and  the  sieve.  These  jigs  require 
4.5  cubic  feet  of  water  a  minute.  From  the  first  sieve  of  the  jigging 
machine  a  pure  product  is  obtained,  consisting  of  galena,  which  is 
transported  directly  to  the  smelting  works.  Through  the  second 
sieve  a  product  rich  in  galena,  but  containing  a  small  quantity  of 
zinc  blende,  is  obtained,  which  is  likewise  sent  to  the  smelting  works. 
From  the  two  other  sieves,  a  more  or  less  enriched  product  i^mittelerz) 
consisting  of  zinc  blende  and  berge  is  obtained,  which  is  thrown 
into  the  hopper  at  the  head  of  the  jigging  machine,  to  be  rejigged 
in  connection  with  the  mixed  ore  and  water  from  the  spitzlutte. 

The  water  that  passes  through  the  sieves   into    the  receivers  is 
conducted  through  a  series  of  channels  (gerinne)  to  the  settling  pits. 
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That  portion  of  the  material  which  passes  off  the  fourth  sieve  (herge) 
is  conducted  through  an  inclined  trough  into  a  revolving  screen 
{trommel),  conical  in  shape,  1.5  meters  (4.9  feet)  long,  0.7  meter 
(27.6  inches)  in  diameter  at  the  large  end,  and  0.55  meter  (21.6 
inches)  at  the  small  end,  making  18  revolutions  a  minute.  This 
screen  is  of  heavy  perforated  copper-plate,  the  holes  being  1.5  mm. 
(0.06  inch)  in  diameter. 

The  fine  material  passing  through  the  revolving  screen  is  further 
concentrated  on  percussion-tables  (Salzburger  stossherds),  or  is  re- 
jigged on  the  extra  three-sieved  jigging  machine,  and  yields  three 
products :  the  first,  a  finely  divided  galena  (bleischlicht),  which  goes 
to  the  smelting  works,  and  a  second  and  third,  which  are  together 
rejigged.  The  coarse  material  passing  from  the  screen  is  loaded  into 
cars  and  removed  to  the  waste  dump. 

The  fine  portion  of  the  material  overflowing  from  the  previously 
described  spitzlutte  circulates  through  a  series  of  five  spitzluttes  simi- 
lar to  the  one  mentioned,  representing  a  surface  of  4.03  square  meters 
(43.38  square  feet)  and  a  depth  of  1.3  meters  (4.3  feet),  and  from 
thence  through  a  series  of  three  spitzkastens  to  the  sump. 

The  heavier  particles  coming  from  the  second  spitzlutte  are  like- 
wise concentrated  on  a  four-sieved  fine  jigging  machine,  the  resulting 
products  being  essentially  the  same  as  those  won  on  the  first  four- 
sieved  jigging  mac^hine.  The  heavier  particles  coming  from  the 
third,  fourth,  and  fifth  spitzluttes,  as  well  as  from  the  first  spitz- 
kasten,  are  treated  on  corresponding  and  adjoining  continuous  Rit- 
tinger  percussion-tables.  In  e.ach  instance  three  products  are 
won,  the  first  consisting  of  a  finely  divided  galena  (bleischlicht),  a 
middle  product  {mittelerz)  which  is  reconcentrated  on  percussion- 
tables  (Salzburger  stossherds),  and  waste  {berge),  which  is  loaded  into 
cars  and  goes  to  the  dump.  The  various  machines  in  the  building 
obtain  their  power  from  two  lines  of  shafting  running  the  entire  length 
of  the  building  and  connected  by  belts;  one  of  these  lines  is  directly 
connected  with  the  sheave-wheel  on  the  outside  of  the  building. 

The  triibe  or  overflow  from  the  several  jigging  machines  is  col- 
lected in  a  reservoir  (gerinne),  and  lifted  by  means  of  a  centrifugal 
pump  into  a  trough  leading  to  the  percussion-tables.  This  centrif- 
ugal pump,  making  490  revolutions,  and  lifting  56  cubic  feet  of 
triibe,  water,  and  slime  a  minute  to  a  height  of  2.8  meters  (5.9  feet), 
requires  7.68  horse  power.  The  distance  from  the  centre  of  the 
spindle  to  the  end  of  the  vanes  is  0.22  meter  (8.66  inches),  the  vanes 
are  0.12  meter  (4.72  inches)  wide,  and  the  discharge-pipe  is  0.18 
meter  (7.09  inches)  in  diameter. 
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The  two  buildings  for  the  concentration  of  tlie  slimes  (schlamme) 
are  situated  on  a  somewhat  lower  level  than  the  jigging-house,  and 
each  contains  the  same  style  of  plant;  the  upper  one  having  fifteen, 
and  the  lower  twelve  Salzburger  stossherds.  The  slimes  are  removed 
from  the  sump  to  the  concentrating-house  by  means  of  small  cars 
and  a  railway,  and  dumped  into  shoots  entering  the  upper  side  of 
the  building.  Owing  to  the  thick  and  viscous  condition  of  the 
slime  it  must  be  agitated  with  water,  in  order  to  obtain  the  regular 
and  constant  flow  that  is  necessary  for  the  proper  working  of  a  per- 
cussion-table. For  this  purpose  an  apparatus  [rilhrgiimp),  as  shown 
in  Fig.  8,  Plate  III,  is  used.  The  slime  to  be  concentrated  on  the 
percussion-tables  is  shovelled  into  the  oblong  iron  box.  A,  into  which 
water  is  admitted,  and  the  mass  is  thoroughly  agitated  by  the  revolving 
rake,  B;  the  shaft  to  which  the  rake  is  keyed  is  provided  with  stuffing- 
boxes,  C,  in  order  to  prevent  a  loss  of  material.  In  connection  with 
the  agitating-box  there  is  a  rotating  sieve  {trommel),  D,  which  has 
for  its  object  a  separation  of  the  slime  from  all  foreign  material,  such 
as  chips,  grass,  etc.,  which,  by  coming  on  the  table,  would  tend  to 
produce  an  uneven  surface,  and  therefore  an  imperfect  separation  of 
material.  The  slime  passing  through  the  meshes  of  the  sieve  is  col- 
lected in  a  semi-cylindrical  sheet-iron  trough,  E,  from  which  it  is  con- 
ducted through  a  gutter  to  the  distributing  board,  situated  at  the  head 
of  the  percussion-table.  The  power  is  transmitted  to  the  shaft  of  the 
revolving  rake  by  a  belt  and  pulley,  F,  and  from  this  shaft  to  the  sieve 
by  a  cog-wheel  or  friction-bearing,  G.  The  rake  makes  about  15  revo- 
lutions a  minute.  One  of  these  "gumps^'  supplies  two  percussion- 
tables,  weighs  1315  pounds,  and  costs  $158.  Ten  percussion-tables 
are  supplied  with  ^'gumps,"  like  the  one  described,  for  the  working 
of  the  raw  material  from  the  sump. 

Eight  percussion-tables  have  ^'  gumps  "  without  revolving  screens; 
while  seven  are  simply  supplied  with  boxes  into  which  the  material 
is  shovelled  and  washed  on  to  the  distributing-board  by  a  stream  of 
water.  These  fifteen  are  used  for  the  eecond  concentrating  of  the 
slime  after  it  has  been  worked  on  the  first  ten  percussion-tables.  In 
both  buildings  the  power  is  supplied  to  the  tables  and  '^gunips  "  by 
an  overhead  line  of  shafting,  extending  the  entire  length  of  the  build- 
ing and  connected  with  the  large  sheave  wheels  on  the  outside,  pre- 
viously mentioned  in  connection  with  the  transmission  of  power  by 
wire  ropes.  The  supply  of  water  necessary  is  drawn  from  a  main 
pipe  extending  along  the  building  at  the  rear  of  the  "gumps."  A 
line  of  railroad  runs  in  front  of  the  percussion-tables  for  the  hand- 
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ling  of  the  concentrated  and  waste  products.  At  one  end  of  the 
building  an  elevator  is  situated  serving  for  the  transportation  lo  a 
higher  level  of  the  concentrated  products  resulting  from  the  two 
buildings.  By  each  operation  on  the  percussion-table  three  products 
are  obtained,  namely,  first,  second,  and  third  [oher,  mittel,  and  unter- 
schaufel) ;  these  products  are  collected  separately  and  reworked  on 
adjoining  tables,  giving  as  before  three  grades ;  the  first  of  which,  in 
this  case  consisting  of  pure  bleischllcht  (galena  finely  divided),  is 
delivered  to  the  smelting  works;  while  the  second  and  third  are 
treated  a  third  time,  giving  also  a  product  for  the  smelting  works* 
The  number  of  times  the  resulting  products  are  treated,  the  inclina- 
tion of  the  tables,  the  number  of  blows  a  minute,  and  the  amount 
of  water  required,  naturally  depend  upon  the  original  condition  of 
the  matter  under  treatment.  The  overflow  from  the  percussion -tables 
is  conducted  through  a  trough  immediately  in  front  of  them,  extend- 
ing the  length  of  the  building.  The  deposit  in  this  canal  is  col- 
lected and  sent  to  the  smelting  works,  while  the  water  is  used  over 
again. 

Fig.  9,  Plate  III,  represents  the  Rittinger  continuous,  lateral  work- 
ing, percussion-table  (stossherd).  The  frame  of  the  table  is  substan- 
tially constructed  of  angle  or  cast  iron,  and  may  be  covered  with 
either  wood,  marble,  slate,  or  cement.  When  wood  is  used  a  further 
covering  of  rubber  cloth  is  necessary.  This  latter  combination,  i.  e., 
wood  and  rubber  cloth,  is  most  common.  A  heavy  beam  of  wood 
(zu7ige),  A,  is  bolted  to  the  middle  of  the  under  side  of  the  frame, 
projecting  some  distance  beyond  it  on  each  side.  The  table  is  sus- 
pended from  four  iron  standards  by  means  of  iron  hooks,  B,  and 
has  a  motion  imparted  to  it  by  means  of  a  steel  spring,  F,  and  a  cam, 
C,  which  is  keyed  to  the  power-shaft,  D,  which  carries  also  a  fixed 
pulley,  E,  and  a  heavy-rimmed  fly-wheel,  F.  The  spring  and  cam 
are  shown  in  detail  on  a  larger  scale  in  the  same  figure. 

The  shock  necessary  for  the  working  of  the  machine  is  given  by 
the  striking  of  the  heavy  wooden  beam  against  the  wedge-shaped 
block  of  hard  wood,  G.  The  table  is  divided  into  two  parts  by 
means  of  a  strip  of  wood,  I  (similar  strips  being  placed  on  the  sides 
to  prevent  the  overflow  of  the  material),  and  can  have  its  slope  regu- 
lated by  means  of  the  screws,  J.  The  material  to  be  concentrated  is 
admitted  at  the  right-hand  corner,  K,  to  the  table,  through  a  small 
zinc  box,  the  object  of  which  is  simply  to  prevent  wear  by  the  con- 
stant attrition  of  the  particles  of  ore.  The  water  distributors  are 
provided  with  small  triangular  blocks  of  wood,  for  the  purpose  of 
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giving  an  even  and  regular  flow  to  the  clean  water  supply.  On 
account  of  the  inclination  of  the  table,  and  the  lateral  percussion  it 
receives,  the  heavier  particles  of  ore  form  themselves  into  the  curved 
lines,  M  ;  the  lighter  and  more  sterile  portions  pass  in  a  straight  line 
directly  off  the  table  ;  while  the  middle  products  form  a  series  of  lines 
of  greater  or  less  curvature,  according  to  the  richness  and  specific 
gravity  of  the  material. 

At  the  foot  of  the  table  troughs  are  placed  for  the  reception  of  the 
separated  material ;  these  are  provided  with  small  zinc  boxes,  which 
are  movable,  so  that  their  positions  can  be  changed  to  correspond 
with  the  lines  of  division  of  the  material.  This  arrangement  is  a 
decided  improvement  over  the  former  method,  in  which  short  strips 
of  wood  were  secured  to  the  foot  by  means  of  a  thumb-screw,  and 
which  could  be  turned  at  various  angles  so  as  to  correspond  with  the 
curves  of  the  material.  In  the  working  of  these  tables  the  observa- 
tion of  several  essential  points  is  necessary.  The  proper  inclination 
of  the  table,  the  amount  of  clear  water  to  be  admitted,  the  tension 
of  the  spring,  the  amount  of  stuff  admitted  to  the  table,  the  velocity 
of  the  current  over  the  table,  and  the  proper  position  of  the  small 
zinc  receivers  at  the  foot,  are  all  conditions  which  depend  entirely 
upon  the  nature  of  the  material  to  be  treated.  As  previously  men- 
tioned, various  methods  for  obtaining  a  smooth  surface  have  been 
resorted  to.  In  the  spring  of  1879  experiments  were  made  with 
percussion-tables  constructed  of  iron,  after  the  ])attern  of  the  Hum- 
boldt Manufacturing  Company  in  Kalk,  bei  Deutz,  am  Rhein. 
They  consist  of  two  cast-iron  plates  2.529  meters  (8.3  feet)  long, 
1.21  meters  (3.97  feet)  wide,  and  20  mm.  (0.79  inch)  thick,  joined 
together  by  bolts,  and  strengthened  by  ribs  on  the  under  side,  weigh- 
ing 1700  pounds.  The  heavy  beam  of  wood  is  bolted  to  flanges  cast 
on  the  under  side  of  the  plates.  The  smooth  surface  required  is 
obtained  by  the  planing  of  the  plates  on  the  upper  side,  they  being 
subsequently  painted  white,  in  order  to  make  the  curves  of  the  ma- 
terial more  apparent.     Their  cost  is  $408. 

A  thin  piece  of  sheet-iron  is  placed  between  the  two  plates,  with 
the  object  of  dividing  the  table  into  two  parts,  as  was  done  by  the 
strip  of  wood  when  the  table  was  made  of  other  materials.  Raised 
edges  of  wood,  26  mm.  by  26  mm.  (1.02  inches)  on  the  cast-iron 
table,  pi'event  the  material  from  working  off  at  the  sides.  The  ob- 
ject in  making  these  plates  20  mm.  thick  is,  that  they  may  be  planed 
once  or  twice  when  the  surface  is  worn. 
.  Previous  to  the  trial  with   planed  iron  plates,  experiments  were 
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made  with  angle  iron  frames  covered  with  wood  on  which  marble 
slabs,  2.529  meters  (8.3  feet)  long,  1.264  meters  (4.15  feet)  wide,  and 
40  mm.  (1.57  inches)  thick,  were  laid.  The  iron  frames  weighed  702 
pounds,  costing  $176,  the  marble  plates  weighed  696  pounds,  costing 
$200;  their  setting  cost  $34,  making  the  complete  cost  of  a  percus- 
sion-table with  marble  plates  $410.  The  weight,  when  ready  for 
working,  is  1910  pounds.  A  comparison  of  the  working  of  the 
marble  and  iron  tables  is  shown  in  the  following  tables : 


MARBLE  TABLE. 

Weight 
Dry, 
lbs. 

P.  ct.  Ag. 

P.  ct.  Pb. 

Holding 

Silver, 
lbs. 

Holding 

Lead, 

lbs. 

Schlicht^ 

936 

0.318 

63. 

2.976 

590 

Middle  product, 

1956 

0  097 

8.5 

1.897 

166 

2892 

0415 

71.5 

4.873 

756 

IRON-  TABLE. 

SchlicJtt^ 

834 

0.317 

64. 

2.644 

534 

Middle  product, 

1830 

0.129 

13. 

2.360 

238 

2664 

0  446 

77. 

5.004 

772 

In  each  case  24,000  pounds  of  the  same  material  [meJil)  were  used. 
By  this  careful  experiment  the  advantage  of  the  iron  tables  over 
those  of  marble  was  made  apparent.  The  less  effective  working  of 
the  marble  tables  was  owing  in  a  great  measure  to  the  too  smooth 
surface.  Another  advantao-e  of  the  iron  tables  is  their  Pfreat  streuirth, 
and  diminished  liability  to  fracture.  They  also  have  a  value  as  old 
metal  when  too  much  worn  to  be  further  used,  while  the  marble 
when  broken  has  a  value  of  only  $6. 

If  the  surface  of  the  table  be  too  smooth,  and  the  current  of  water 
improperly  regulated,  an  imperfect  working  of  the  material  results, 
causing  the  rich  particles  (blelschlicht)  to  pass  off  with  the  middle 
and  waste  products. 

By  the  working  of  these  tables  three  products  are  won  :  an  exceed- 
ingly fine  galena,  which  goes  to  the  smelting  works;  a  second  more 
or  less  enriched  product,  wdiich,  according  to  its  quality,  is  passed 
over  the  percussion-table  a  second  time,  or  sent  direct  to  the  smelting 
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works;  and  a  tliird  product  (bcrge),  which  is  generally  so  impover- 
ished as  to  be  thrown  on  the  waste  dump. 

The  Salzburger  percussion-table  consists  of  a  framework  of  20 
mm.  (0.79  inch)  angle  and  plate  iron,  covered  by  a  water-tight 
wooden  planking,  32  mm.  (1.26  inches)  thick,  with  three  low  wooden 
sides,  and  open  at  the  foot.  It  is  suspended  at  its  corners  by  iron 
rods  and  chains  from  iron  bars  between  four  iron  standards  bolted 
to  heavy  pieces  of  timber  resting  on  masonry.  A  heavy  piece  of 
timber  extends  along  the  entire  length  of  the  under  side  of  the 
table;  this  timber  is  held  in  position  by  two  pieces  of  angle  iron  to 
which  it  is  bolted.  At  the  upper  end  of  this  timber  a  U-shaped 
piece  of  iron  with  slotted  bolt-holes  is  firmly  secured,  by  means  of 
which  the  length  of  the  stroke  can  be  regulated.  This  piece  receives 
the  blow  from  a  cam-wheel  keyed  to  a  shaft.  The  shock  (stoss)  is 
imparted  by  the  striking  of  the  table  in  its  retrograde  movement 
against  the  block  of  hard  wood  set  in  an  iron  casting,  which  is  bolted 
to  a  heavy  timber  secured  in  an  iron  framework.  The  intensity  of 
the,  shock  can  be  increased  or  diminished  by  means  of  a  nut  and 
screw  at  the  end  of  a  rod  secured  to  the  back  of  the  table,  which 
regulates  the  elasticity  of  the  involute  steel  spring.  In  order  to 
cause  a  regular  and  uniform  flow  of  material  over  the  table  a  dis- 
tributing-board provided  with  small  triangular  blocks  of  wood  is 
placed  at  the  head.  A  wooden  trough  at  the  foot  of  the  table  re- 
ceives the  overflow.  Motion  is  communicated  to  the  cam  shaft  by 
means  of  a  belt  and  pulley,  and  regulated  by  a  heavy-rimmed  fly- 
wheel. The  tables  are  generally  arranged  in  sets  of  two.  A  set  of 
such  tables  requires  the  attendance  of  one  boy,  and  costs  complete  in 
round  numbers  $1800. 

The  iron  work  in  each  table,  including  standards,  etc.,  weighs  4040 
pounds  and  costs  $708.  The  tables  work  generally  at  an  angle  of 
2°  with  70  to  80  strokes  of  13  to  20  mm.  (0.52  to  0.79  inch)  a 
minute,  and  require  from  0.7  to  1.1  horse  power.  A  single  table  is 
capable  of  working  800  pounds  of  rbsches  mehl  an  hour,  requiring 
about  one-half  a  cubic  foot  of  water  a  minute;  of  mittel  mehl,  400 
pounds  an  hour,  requiring  0.33  cubic  foot  of  water  a  minute;  of 
mildes  mehl,  200  pounds  an  hour,  requiring  0.25  cubic  foot  of  water 
a  minute;  and  of  schmund  (the  very  finest  product)  60  to  100 
pounds  an  hour,  requiring  0.125  cubic  foot  of  water  a  minute. 

Working  at  150  strokes  of  13  mm.  a  minute,  the  cast-iron  tables 
require  0.9  horse  power.  Two  methods  of  fastening  the  cam-wheels 
{daumlinge)  to  the  power  shaft  are  used.     The  first  necessitates  the 
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takini^  of  the  shaft  from  its  bearings,  whon  the  cam-wheel  is  sh'pped 
into  place  over  one  of  its  ends  and  keyed  in  position;  in  the  second 
method  the  cam-wheel  is  cast  in  such  a  manner  that  after  turning- 
and  truing  it  may  be  broken  longitudinally  in  two  pieces  by  a  sharp 
blow  from  a  hammer,  and  in  that  condition  be  placed  on  the  shaft, 
being  subsequently  secured  together  b3'  two  rings  of  wrought  iron, 
thus  obviating  the  necessity  of  taking  the  shaft  from  its  bearings. 

The  Salzburger  percussion-table  possesses  several  decided  advan- 
tages over  the  Rittinger  continuous  working  percussion-table,  among 
which  may  be  mentioned  an  increase  in  the  percentage  of  metal,  in- 
creased working  surface,  a  diminished  amount  of  water  for  the  same 
grades  of  material,  and  less  dependence  upon  the  attention  of  the 
workman.  By  careful  experiments  it  has  been  shown  that  rosches 
mehl  yields  20  per  cent,  more  silver  and  30  per  cent,  more  lead 
when  Avorked  on  a  Salzburger  percussion-table  than  when  worked 
on  a  Rittinger  table.  In  the  case  of  a  mittel  mehl  the  results  were 
about  the  same,  and  by  working  a  mildes  mehl  there  was  30  per  cent. 
more  silver,  and  20  to  30  more  lead.  In  the  case  of  a  very  mildes 
mehl  (schmund)  there  was  69  per  cent,  more  silver  and  60  per  cent, 
more  lead.  By  reason  of  the  parabolic  curves  formed  by  the  heavier 
materials  on  the  Rittinger  table  only  two-thirds  of  its  surface  is 
brought  into  requisition,  while  in  the  Salzburger  table  the  entire 
surface  is  covered  with  the  material  worked.  The  Rittinger  table 
requires  two  to  three  times  as  much  water  as  the  Salzburger,  and  on- 
account  of  the  use  of  so  great  an  amount  of  water,  the  particles  of 
ore  are  more  liable  to  be  carried  away  and  lost,  especially  in  cases 
where  the  finer  varieties  of  slime  are  treated.  The  attention  of  the 
workman  is  a  much  more  important  factor  in  the  working  of  con- 
tinuous tables  than  in  the  Salzburgers,  as  the  curves  formed  by  the 
material  in  the  former  require  constant  watching,  and  the  zinc  boxes 
at  the  foot  must  be  frequently  moved  to  correspond  with  their 
changes.  This  inattention  at  Pribram,  though  noticeable  by  day, 
becomes  painfully  apparent  at  night,  when  there  is  less  probability  of 
the  higher  officials  making  a  sudden  and  unexpected  appearance. 
From  the  previous  comparison  it  would  appear  that  although  the 
Salzburger  tables  give  better  general  results  in  the  working  of  the 
coarser  grades  of  material,  their  superiority  becomes  far  more  ap- 
parent in  the  working  of  the  finer  grades,  such  as  slimes. 

THE   ADALBERT   ORE-DRESSING    HOUSE. 

A  part  of  the  knockings  (grubenJdein)  coming  from  the  shaft  is 
transported  in  cars,  and  dumped  into  shoots  opening  into  the  sorting- 
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house.  The  mouths  of  the  shoots  are  connected  by  short  iron  gut- 
ters with  ordinary  fixed  picking-tables,  the  tops  of  which  are  covered 
w^ith  sheet  iron.  The  bottom  of  the  trough  is  a  cast-iron  plate  per- 
forated with  holes,  35  mm.  (1.38  inches)  in  diameter,  over  which  the 
ore  is  scraped  by  boys,  and  at  the  same  time  exposed  to  a  stream  of 
water,  which  serves  to  wash  the  ore  and  facilitate  the  picking.  The 
water  and  stuff  passing  through  the  grate,  under  35  mm.  in  diameter, 
falls  into  a  receptacle  below  and  is  conducted  through  an  inclined 
trough  to  the  classifying  revolving  screens  situated  in  the  jigging- 
house.  The  larger  material,  over  35  mm.  in  diameter,  is  removed 
from  the  picking-table  to  separating  tables  arranged  along  the  oppo- 
site side  of  the  building,  where  it  is  separated  by  women  into  the 
following  sorts:  1,  Scheideerz  (ore  for  hand  separation);  2,  -pocherz 
(ore  for  stamping) ;  3,  quetsclierz  (ore  for  crushing) ;  4,  herge  (waste). 
The  scheideerz  is  further  separated  into  a  first  and  second  grade  of 
galena,  the  first  consisting  of  pure  galena,  and  the  second  containing 
a  small  portion  of  zinc  blende,  both  of  which  are  sent  to  the  smelting 
works;  zinc  blende,  which  is  sold  ;  and  ore  for  stamping  {pochgange), 
which  goes  to  the  stamping  house.  The  quetsclierz  is  removed  to  the 
rolls  situated  at  one  end  of  the  jigging-house,  while  the  hcrge  is 
thrown  on  the  waste  dump. 

The  ore  to  be  crushed  {quetsclierz)  coming  from  the  sorting-house 
is  tipped  into  a  hopper,  and  thence  delivered  to  the  coarse  crushing 
-rolls  in  the  jigging-house.  The  crushed  ore  falls  through  a  sheet- 
iron  channel  into  a  rotating  conical  sieve,  of  12,  8,  and  6  mm.  (0.47, 
0.32,  and  0.24  inch)  mesh,  where  it  is  separated  into  four  sizes ;  the 
finest  portion,  that  under  6  mm.  in  diameter,  is  transported  to  a  recip- 
rocating sieve  {stossrdtter)  of  1  mm.  (0.04  inch)  mesh,  like  the  one 
already  described.  The  second  and  third  portions  are  removed  to 
the  rolls  in  the  lower  crushing-house.  The  largest  size  material, 
passing  aw'ay  from  the  revolving  screen  above  12  mm.  in  diameter, 
is  delivered  to  the  middle  rolls,  from  which  it  passes  into  a  rotating 
sieve,  which  also  has  meshes  of  three  sizes,  8  mm.,  6  mm.,  and  4  mm. 
(0.32,  0.24,  and  0.16  inch).  The  finest  product  goes  to  the  recipro- 
cating sieve,  the  second  and  third  are  concentrated  on  adjoining 
jigging  machines,  and  the  coarsest  is  conveyed  to  a  set  of  fine  rolls. 
These  rolls  are  likewise  provided  with  a  revolving  screen,  giving 
however  only  three  sizes.  The  finest,  as  in  the  two  previous  cases, 
goes  to  the  reciprocating  sieve,  the  middle  product  is  jigged  with 
corresponding  grades  from  the  middle  rolls,  while  the  coarsest  product 
is  removed  to  the  rolls  in  the  lower  crushing-house.     The  recipro- 
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eating  sieve  having  a  mesh  of  1  mm.  separates  the  material  into  two 
sizes;  the  finer,  which  falls  through  the  sieve  and  is  consequently 
under  1  mm.  in  diameter,  is  removed  to  the  smelting  works,  while 
the  coarser,  over  1  mm.  in  diameter,  is  sent  to  the  lower  crushing- 
house.  The  jigging  of  the  second  and  third  products  of  the  middle 
and  fine  rolls  takes  place  in  a  three-sieved  3  mm.  (0.12  inch)  mesh 
fine  corn  jigging  machine  of  the  usual  construction,  which  yields 
three  products,  SLSchlicht,  rich  in  galena,  which  is  delivered  to  the 
smelting  works ;  a  second  and  third  product,  more  or  less  enriched, 
which  is  sent  to  the  lower  crushing-house;  and  ore  for  stamping, 
which  passes  off  the  sieve. 

The  other  portion  of  the  knockings  (grubenklein)  coming  from 
the  shaft  is  dumped  into  a  shoot,  from  which  it  is  conveyed 
by  a  self-feeding  apparatus  into  a  large  conical-shaped  revolving 
washing  trommel  {ab  tauter  trommel),  into  which  water  is  admitted 
by  a  pipe  from  above.  The  self-feeding  apparatus  is  similar  in 
its  construction  to  those  before  mentioned.  This  ablautertrommel, 
situated  about  2.5  meters  (8.2  feet)  above  the  floor,  supported  by  a 
solid  wooden  frame,  and  communicating  with  three  rotating  conical 
sieves  arranged  in  a  descending  series,  is  3  meters  (9.84  feet)  long, 
1.369  meters  (4.49  feet)  in  diameter  at  the  smaller  end,  and  1.817 
meters  (5.96  feet)  at  the  larger.  It  is  constructed  of  timber  52  mm. 
(2.05  inches)  thick,  strengthened  by  heavy  wrought-iron  bands,  and 
lined  on  the  inside  with  sheet  iron.  The  larger  end  is  provided  with 
sheet-iron  buckets  on  the  inside  for  the  purpose  of  raising  the  ore  and 
water  from  the  bottom  to  the  top  of  the  ablaidertrommel,  so  that  it  can 
fall  into  a  sheet-iron  spout  connecting  with  the  first  of  the  series  of 
revolving  sieves.  Near  the  ends  of  the  ablauter trommel  two  friction 
rings  are  secured,  which  work  in  grooved  friction  wheels,  one  pair  of 
which  has  motion  communicated  to  it  by  means  of  a  cog  gearing. 
The  trommel  makes  10  to  12  revolutions  a  minute,  and  requires 
3.296  horse  power. 

The  rotating  conical  sieves  just  mentioned  are  double  sieves,  1.264 
meters  (4.15  feet)  long,  0.8  meter  (2.62  feet)  in  diameter  at  the  smaller 
end,  and  1  meter  (3.28  feet)  at  the  larger.  These  sieves  work  in  a 
heavy  inclined  plate-iron  frame  at  a  distance  of  about  4  feet  apart. 
The  power  is  communicated  by  means  of  a  shaft  extending  along  one 
side  of  the  frame,  provided  with  three  spur  wheels  geared  to  the 
axes  of  the  revolving  screens.  They  make  30  revolutions  a  minute, 
and  require  together  2.658  horse  power.  From  the  first  revolving 
screen  two  sizes  of  material  are  won;  the  larger,  42  mm.  (1.65 
inches)  in  diameter,  passing  from  the  inside  screen,  goes  tlirough  a 


448      ORE   DRESSING   AND   SxMELTING   AT    PRIBRAM,    BOHEMIA. 

trough,  assisted  In  its  progress  by  rapid  shocks  from  a  cam-wheel, 
to  a  rotating  picking-table,  similar  in  constraction  to  the  one  in  the 
Anna  ore  dressing-house,  with  a  diameter  of  4.43  meters  (14.43 
feet),  and  requiring  three  minutes  for  a  revolution.  The  material 
from  the  picking-table  is  divided  into  two  sorts,  that  containing 
ore,  which  is  transported  in  cars  to  the  separating-house  directly 
opposite,  and  the  sterile  material,  which  is  loaded  into  cars  and  taken 
to  the  waste  dumps. 

The  28  mm.  (1.1  inches)  size  coming  from  the  screen  is  carried 
by  hand  to  a  coarse  two-sieved  jigging  machine  with  a  4  mm.  (0.16 
inch)  sieve,  1.26  meters  (4.13  feet)  long,  0.65  meter  (24.59  inches) 
wide,  working  at  140  strokes  of  0.065  meter  (2.46  inches)  a  min- 
ute, and  requiring  2.437  horse  power.  From  the  second  screen  two 
products  are  won;  the  larger,  16  mm.  (0.63  inch)  in  diameter,  and 
the  smaller,  12  mm.  (0.47  inch),  being  worked  separately  on  jigging 
machines  of  3  mm.  (0.12  inch)  screen,  furnishing  two  grades  of  ma- 
terial, poor  and  rich,  the  latter  being  sent  to  the  rolls,  w^hile  the  former 
is  thrown  on  the  dump.  From  the  third  and  last  revolving  screen 
two  products  of  6  and  4  mm.  (0.21  and  0.16  inch)  respectively  are 
obtained.  The  6  mm.  size  is  worked  on  a  Stauch  jigging  machine, 
which  is  continuous  working,  two-sieved,  and  is  shown  in  Fig.  10, 
Plate  IV. 

This  machine,  intended  for  material  from  4  to  20  mm.  (0.16  to 
0.79  inch),  makes  140  strokes  of  31.4  mm.  (1.24  inches)  a  minute, 
and  requires  2.9  horse  power.  The  sieve  is  divided  into  two  parts 
by  a  vertical  wooden  partition.  A,  10.5  cm.  (4.13  inches)  high,  is 
fastened  to  a  frame  of  small  angle  iron,  and  is  supported  by  a  wooden 
frame,  which,  fitting  closely  into  the  box,  tends  to  prevent  the  water 
from  splashing  up  at  the  sides.  The  sieve  frame  is  provided  with 
heavy  sheet-iron  sides,  and  is  suspended  by  two  connecting  rods,  B, 
having  an  up-and-down  motion  given  them  by  an  eccentric,  which 
can  be  so  regulated  as  to  give  a  stroke  from  0  to  52.5  mm.  (2.07 
inches).  The  discharge  of  the  heavy  particles  settling  on  the  sieve 
is  through  a  tube,  G,  52.5  mm.  in  diameter,  the  aperture  of  which  is 
closed  by  a  puppet  valve  and  is  opened  at  intervals,  allowing  the  ore 
to  run  into  a  larger  iron  pipe,  D,  and  thence  into  the  receivers,  E. 
The  upper  portion  of  the  smaller  discharge-tube  is  surrounded  by 
a  low  sheet-iron  cylinder  covered  by  a  sieve  of  1  mm.  (0.04  inch) 
mesh,  which,  by  being  raised  or  lowered,  regulates  the  discharge  of 
material.  That  portion  of  the  material  which  falls  through  the 
larger  sieve  collects  in  boxes  of  a  triangular  section,  and  is  drawn 
off  into  receivers  by  means  of  stopcocks,  F,  at  the  bottom.     At  the 
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lower  end  of  the  jig  frame  is  a  curved  piece  of  sheet  iron,  G,  the 
object  of  which  is  to  facilitate  the  passage  of  the  waste  material. 

The  transport  screws  for  the  berge  and  water  are  the  same  as 
those  described  in  the  middle-corn  jigging  machines.  The  water 
which  is  lifted  by  the  propeller-pump  passes  into  a  wooden  trough 
and  falls  on  the  second  sieve.  The  automatic  feed,  H,  of  the  material 
to  be  jigged  is  similar  to  that  of  the  middle-corn  jigging  machines. 
The  amount  of  water  required  for  the  Stanch  ]\gg\ng  machine  is  less 
than  that  of  the  middle-corn  jigging  machine,  inasmuch  as  a  loss  of 
water  can  only  take  place  at  the  removal  of  the  concentrated  prod- 
ucts through  the  different  pipes  and  stopcocks.  In  the  strict  sense 
of  the  word,  this  is  not  a  continuous  working  jigging  machine,  inas- 
much as  the  discharge  of  ore  takes  place  only  when  a  sufficient 
amount  has  collected  on  the  sieve,  when  it  becomes  necessary  to 
stop  the  machine.  The  discharge  of  the  berge,  however,  is  con- 
tinuous. 

By  this  operation  two  products  are  won,  ore  for  stamping  and  ore 
for  jigging.  The  ore  for  jigging  goes  to  a  neighboring  jigging  ma- 
chine, from  which,  besides  the  waste,  three  products  are  obtained,  all 
of  which  are  generally  rich  enough  to  be  sent  directly  to  the  smelting 
works.  The  4  mm.  (0.16  inch)  stuff  goes  to  a  jigging  machine  with 
1.5  mm.  (0.06  inch)  mesh,  giving  a  waste  and  two  products,  which 
are  also  taken  to  the  smelting  works.  The  material  under  4  mm., 
together  with  the  water,  is  conducted  through  a  gutter  to  a  concen- 
trating-house  directly  opposite  and  at  a  somewhat  lower  level. 

The  material  falling  through  the  trough  previously  mentioned 
(under  35  mm.)  passes  to  the  jigging-house,  and  enters  a  revolving 
screen  1  meter  (3.28  feet)  long,  1.158  meters  (3.8  feet)  in  diameter, 
making  25  to  30  revolutions  a  minute,  and  requiring  1.75  horse 
power.  This  screen  is  between  two  others  situated  at  right  angles 
to  it,  one  of  which  is  3.161  meters  (10.37  feet)  long  and  1  meter  in 
diameter,  and  the  other  2.845  meters  (9.33  feet)  long  and  the  same 
in  diameter. 

In  the  upper  revolving  screen,  wdiich  is  provided  with  a  sheet-iron 
trough,  the  material  is  separated  into  two  grades.  That  which  passes 
off  the  screen  of  9  mm.  (0.35  inch)  mesh  is  conducted  to  the  revolv- 
ing screen  on  the  right-hand  side,  and  there  divided  into  four  sizes; 
the  largest,  between  22  and  34  mm.  (0.87  and  1.34  inches),  passing 
off  this  screen,  is  removed  to  a  separating-table  giving  two  grades, 
sterile  and  rich.  The  latter  is  further  separated  into  galena,  which 
is  sent  to  the  smelting  works,  and  ore  for  stamping,  which  goes  to 
the  stamp-house.  The  sterile  stuff  goes  directly  to  the  ^vaste  dump. 
VOL.  IX. — 29 
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The  material  passing  through  the  22  mm.  mesh  is  worked  on  a 
igging  machine,  giving  four  grades  of  material  :  1st.  Ore  to  be 
farther  separated  by  hand  (klaubwerk),  which  gives  the  same  divisions 
as  were  obtained  in  the  separation  of  the  larger  sizes  of  material; 
2d.  galena,  which  is  sent  direct  to  the  smelting  works;  3d.  a  more 
or  less  enriched  galena  (bleierz)  which,  after  a  sufficient  amount  has 
been  collected,  is  rejigged  on  the  same  machine  in  conjunction  with 
the  raw  product  from  the  revolving  screen  ;  4th.  ore  for  stamping. 

The  material  coming  through  the  16  mm.  (0.63  inch)  mesh  is 
worked  on  a  middle  jigging  machine,  giving  galena  for  the  smelting 
works  and  ore  for  stamping.  The  12  mm.  (0.47  inch)  size  is  worked 
on  a  middle  jigging  machine,  resulting  in  similar  products  for  the 
smelting  works  and  stamping-house  to  the  one  just  mentioned. 

The  material  going  through  the  9  mm.  mesh  of  the  upper  revolv- 
ing screen  is  conducted  to  the  revolving  screen  on  the  left-hand  side, 
and  there  divided  into  four  sizes,  2,  4,  and  6  mm.  (0.08,  0.16,  and 
0.24  inch),  and  the  material  passing  away  from  the  screen  between 
6  mm.  and  9  mm. 

These  products  are  all  concentrated  on  fine  jigging  machines,  giv- 
ing as  a  result  galena,  which  is  sent  to  the  smelting  works;  a  more 
or  less  enriched  product,  which  is  rejigged,  giving  ore  for  stamping; 
and  the  material  passing  off  the  jigs  {berge),  which  is  taken  to  the 
waste  dumps.  The  slimes  from  these  revolving  screens  are  led  in 
channels  to  the  slime  concentrating-house  and  there  worked.  The 
processes  conducted  in  the  Adalbert  ore-dressing  house  are  shown  in 
^'  tree  "  form  on  Plate  V. 

,  THE   ADALBERT   SLIME    CONCENTRATING-HOUSE. 

The  slimes  resulting  from  the  various  concentrations  in  the  jig- 
ging-house  are  conducted  through  an  inclined  trough  to  a  double 
spitzkasten,  situated  in  the  slime  concentrating-house.  The  material 
coming  from  the  first  section  of  the  spitzkasten  flows  into  a  receiver, 
from  which  the  settlings  are  shovelled  from  time  to  time  and  con- 
centrated on  coarse  three-sieved  jigging  machines.  That  portion  of 
the  material  coming  from  the  second  section  of  the  spitzkasten  is 
also  conducted  into  a  receiver,  the  settlings  from  which  are  concen- 
trated in  fine  three-sieved  jigs.  The  slimes  flowing  away  from  these 
two  receivers  are  conducted  into  a  series  of  canals  42  feet  long  and 
2  feet  wide,  the  settlings  of  which  are  concentrated  on  continuous 
working  Rittinger  percussion-tables ;  while  the  portion  flowing 
away  from  the  canals  is  conducted  to  a  settling  tank  65  feet  by  45 
ifdiii^  divided  into  six  parts. 
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The  concentration  on  the  Rittinger  percussion-tables  results  in 
the  winning  of  a  galena  schlicht  which  is  sent  to  the  smelting  works, 
a  middle  product,  and  waste.  The  middle  product  is  reconcentrated 
on  Rittinger  percussion-tables  giving  products  fit  for  the  smelting 
works.  The  first  product  from  the  coarse  jigging  machine  is  galena, 
and  is  sent  to  the  smelting  works,  as  is  also  the  first  product  from 
the  fine  jigging  machine.  The  middle  products  from  both  machines 
are  reconcentrated  on  the  same  machines  until  rich  enou2;h  for  the 
smelting  works. 

The  material  passing  off  the  coarse  jig  passes  through  a  revolving 
screen  of  1  mm.  (0.04  inch)  mesh  similar  in  construction  to  the  one 
at  the  Anna  stamp-mill.  The  material  passing  off  the  screen  is  waste 
and  is  thrown  on  the  dump,  while  that  passing  through  the  screen  is 
further  concentrated  on  percussion-tables. 

THE    MAGNETIC   SEPARATING    MACHINE. 

Two  of  these  machines  are  in  use  at  Pribram  (Fig.  11,  Plate  IV), 
both  at  the  Lill  ore-dressing  works,  where  they  are  used  for  the  sep- 
aration of  iron  ore  from  zinc  blende.  These  are  separated  from  other 
material  by  the  ordinary  concentration  processes,  and  are  then  in  the 
form  of  a  powder,  the  grains  being  less  than  1  mm.  (0.04  inch)  in 
diameter.  This  powder  is  composed  of  spathic  iron  ore  and  zinc 
blende,  and  is  roasted  in  a  small  oven,  with  frequent  stirring,  for  an 
hour,  when  the  iron  ore  is  rendered  sufficiently  magnetic.  It  is  then 
placed  in  the  hopper  of  the  machine,  which  is  shaken  by  a  daumling^ 
or  cam.  A,  keyed  to  an  iron  shaft,  and  moved  by  belting  and  pulleys. 
The  ore  falls  from  the*mouth  of  this  hopper  into  a  hollow  cylinder  of 
wood  with  open  ends,  around  the  circumference  of  which  horseshoe 
magnets,  B,  are  set  into  the  wood,  so  that  their  poles  project  about  10 
mm.  (0.39  inch)  into  the  inside  of  the  drum,  or  wooden  cylinder. 
Outside  the  drum,  and  40  cm.  (15.75  inches)  apart,  pieces  of  hard 
wood,  C,  are  nailed.  They  are  triangular  in  section,  and,  by  the 
revolution  of  the  drum,  raise  a  stiff  and  elastic  wooden  spring,  D,  1 
meter  (3.2<S  feet)  long,  6  cm.  (2.36  inches)  wide,  and  3  cm.  (1.18 
inches)  thick  at  the  base,  coming  to  an  edge  at  the  apex. 

Wlien  the  triangular  cam  releases  the  wooden  spring,  the  latter 
strikes  the  drum  a  sharp,  quick  blow,  sufficient  to  knock  off  any  par- 
ticles of  zinc  blende  that  may  have  attached  themselves  to  the  mag- 
nets, or  the  inside  periphery  of  the  drum,  and  partially  jarring  off 
the  particles  of  iron  ore  that  are  attached  to  the  magnets  in  the  portion 
of  the  drum  that  is  uppermost,  and  close  to  the  elastic  stick,  but  not 
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the  more  strongly  magnetic  pieces  of  ore.  The  iron  ore  that  reaches 
the  upper  portion  of  the  drum  and  is  then  jarred  oflP  falls  on  a  sheet- 
iron  shoot,  N,  and  the  strongly  magnetic  particles  are  now  swept  off 
the  magnets  into  the  sheet  iron  by  means  of  a  revolving  brush, 
E,  aided  by  the  jarring  of  the  wooden  spring,  and  run  through  the 
shoot  into  a  receptacle,  F.  The  brush  is  provided  with  stiff  bristles, 
and  has  two  motions,  one  a  revolution  on  its  axis,  given  by  a  screw  and 
pinion,  G,  and  the  other  a  back-and-forward  motion,  produced  by  a 
crank,  H,  operated  by  a  pulley  and  belting  on  the  other  side  of  the 
drum.  Within  the  axle  of  the  brush,  which  consists  of  a  piece  of 
gaspipe,  is  a  ball  and  socket  joint,  I,  which  permits  this  double  motion. 
The  large  wooden  cylinder  has  a  narrow  iron  band  running  around 
its  edge  on  both  sides,  which  fits  into  four  small  grooved  wheels,  J, 
on  which  the  drum  rests;  two  of  these  wheels  are  connected  by  a 
shaft,  and  the  other  two  are  disconnected  from  the  first  two  and  from 
each  other.  Motion  is  communicated  to  the  first-mentioned  grooved 
wheels  by  a  belt-pulley,  R,  on  the  same  shaft,  while  the  latter  two 
merely  support  the  drum  and  turn  with  it.  A  small  pulley  on  the 
same  shaft  as  the  connected  grooved  wheels  gives  motion  by  means 
of  a  cord  belting  to  a  horizontal  pulley,  L,  at  the  base  of  the  up- 
right shaft,  M,  on  which  the  screw,  G,  is  cut,  which  turns  the  pinion 
keyed  to  the  axle  of  the  brush.  On  the  other  side  of  the  drum  is  a 
pulley  which  turns  the  shaft  on  wdiich  the  cam  (daumling),  belong- 
ing to  the  hopper,  is  placed,  and  communicates  motion  by  means  of 
a  belt  and  small  pulleys  to  another  shaft,  which  near  the  middle 
is  bent  into  a  crank,  and  gives  the  back  ward -and-for  ward  motion 
to  the  revolving  brush.  In  one  machine  small  horseshoe  magnets, 
to  the  number  of  511,  are  used.  These  are  the  ordinary-sized  mag- 
nets which  are  sold  as  toys  in  the  philosophical  instrument  shops, 
and  are  8  cm.  (3.15  inches)  long,  1.5  cm.  (0.59  inch)  wide,  and  made 
of  3  mm.  (0.12  inch)  plate.  The  other  machine  has  150  very  large 
horseshoe  magnets,  20  cm.  (7.87  inches)  long,  3  cm.  (1.18  inches) 
wide,  and  made  of  6  mm.  (0.24  inch)  plate;  in  addition  there  are 
104  small  ones.  The  feed  is  quite  slow,  and,  to  obtain  the  best  work, 
the  machines  must  not  make  more  than  five  revolutions  a  minute. 
Each  machine  separates  four  cubic  feet  of  iron  ore  from  the  zinc 
blende  in  a  day  of  12  hours.  They  have  been  thirteeu  months  in 
use,  and  are  very  well  liked,  the  preference  being  given  to  the  one 
working  with  small  magnets,  as  the  large  ones  make  the  machine 
very  heavy,  so  that  it  does  not  run  smoothly.  The  separated  zinc 
blende  falls  to  the  bottom  of  the  drum,  and,  by  the  slow  revolutions. 
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gradually  works  towards  the  sides,  where  it  falls  into  troughs  pre- 
pared for  its  reception.  The  first  operation  is  to  separate  the  original 
powder  into  an  iron  ore  containing  some  blende,  and  a  blende  con- 
taining some  iron.  These  are  each  reworked  separately,  and  the 
division  is  then  considered  complete. 

THE   SMELTING    WORKS. 

The  ore  is  transported  in  wagons  from  the  ore-dressing  establish- 
ments to  the  smelting  works,  which  are  situated  about  two  miles  in 
a  northerly  direction  from  the  mines,  at  a  cost  of  80  cents  a  ton. 
The  buildings  are  conveniently  situated  with  respect  to  one  another, 
along  the  base  of  a  hill,  thus  facilitating  the  handling  of  material. 
The  galena  in  a  granular  form  { graupen, gries)  is  taken  to  the  deliv- 
ery-house, while  the  powdered  material  {schlicht,  mehl)  is  sent  direct 
to  the  weighing-house.  The  delivery-house  contains  a  series  of  bins 
for  the  reception  of  the  various  grades  of  material,  and  a  dry  stamp- 
mill  of  15  ordinary  stamps,  run  by  a  w^ater-wheel,  for  the  purpose  of 
pulverizing  a  portion  of  the  granular  material.  The  stamped  ma- 
terial is  thrown  by  hand  into  an  inclined  sieve  of  1.5  mm.  (0.06 
inch)  mesh  ;  the  coarse  portions  passing  off  the  sieve  are  re-fed  to  the 
stamps,  while  that  passing  through  the  sieve  is  sent  to  the  weighing- 
house.  The  other  portion  of  the  granular  material  is  transported  in 
cars  to  the  upper  floor  of  the  adjoining  crushing-house,  situated  at  a 
lower  level.  The  plant  of  this  crushing-house  consists  of  a  set  of  1 2 
stamps,  run  by  water  power,  similar  to  the  ones  above  mentioned,  4 
Koller  mills,  run  by  a  steam-engine  of  30  horse  power,  and  a  small 
oven,  used  for  drying  the  ore  before  crushing. 

These  Koller  mills  consist  of  two  heavy  cast-iron  wheels  or  rollers 
0.31  meter  (12.2  inches)  wide,  with  cast-steel  tires  0.065  meter  (2.56 
inches)  thick,  and  2.25  meters  (7.38  feet)  in  diameter,  weighing  1400 
pounds.  These  rollers  revolve  around  a  common  centre  in  grooves 
cut  in  the  plates  on  which  they  rest,  having  also  a  motion  about 
their  own  axles.  The  axle  of  the  wheels  is  secured  in  a  heavy  cast- 
iron  muff,  fitting  on  the  end  of  the  power  shaft,  and  is  free  to  move 
in  a  vertical  direction.  The  wheels  are  situated  at  unequal  distances 
from  the  centre  in  order  to  produce  a  larger  crushing  surface. 

An  iron  bar,  keyed  to  the  vertical  shaft,  at  right  angles  to  the  axis 
of  the  wheels,  is  provided  with  five  scraj)ers  for  the  more  equal 
distribution  of  the  material,  and  one  situated  at  the  extremity 
of  tile  bar  for  its  removal.  The  material  for  crushing  passes  through 
a  shoot  from  the  floor  above  into  a  sheet-iron  hopper  fixed  on  the  top 
of  the  mufl*  and  provided  with  two  discharge  pipes.     The  bed-plate 
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is  of  oair^t  iron,  35  mm.  (1.38  inches)  in  thickness,  and  is  firmly  bolted 
to  a  foundation  of  brick  masonry.  Power  is  communicated  from  be- 
low by  means  of  heavy  spur  gearino;.  The  steel  tires  last,  on  an 
average,  one  year.  The  wheels  make  from  12  to  15  revolutions  a 
minute,  and  are  capable  of  crushing  12,000  pounds  of  ore  in  24  hours, 
requiring  6  to  7  horse  power,  at  a  cost  of  43  cents  a  ton  for  rich 
ore.  The  crushed  material  passing  off  is  conducted  by  an  endless 
screw  into  a  rotating  sieve  of  1.5  mm.  (0.06  inch)  mesh,  fixed  on  the 
lower  axis  of  a  bucket  elevator;  the  stuff  passing  through  is  re- 
moved to  the  weighing-house,  and  the  coarser  material,  passing 
away  from  the  sieve,  is  lifted  by  the  elevator  to  the  hopper,  on  the 
floor  above,  to  be  re- fed  to  the  rolls.  All  the  crushed  products  are  re- 
moved by  rail  to  the  weighing-house.  Adjoining  the  crushing-house 
is  a  small  shed,  containing  a  stone  crusher  similar  in  construction  to 
the  ordinary  Blake  crusher,  for  the  purpose  of  crushing  the  limestone 
used  both  as  a  flux  in  the  furnaces,  and  as  a  constituent  in  the  prepa- 
ration of  the  hearths  of  the  refining  ovens.  The  limestone  is  obtained 
from  a  quarry  not  owned  by  the  smelting  works,  which  is  situated  at 
a  distance  of  five  miles  from  them. 

Next  in  order  comes  the  weighing-house.  This  building,218  feet 
long,  and  54  feet  wide,  is  built  of  stone,  in  two  stories,  the  upper  of 
which  is  on  the  same  level  with  the  crushing-house.  The  upper 
floor,  which  is  supported  by  a  series  of  flat  stone  arches,  contains  36 
ore  bins  arranged  along  its  two  sides.  It  also  contains  a  room  in 
which  there  is  a  small  furnace  for  the  determination  of  the  moisture 
in  the  ore  (ndssprobe).  The  bins  on  one  side  of  the  building  are 
intended  for  the  reception  of  the  products  that  have  been  crushed  at 
the  smelting  works,  and  are  provided  with  an  elevated  railroad  track 
for  convenience  in  dumping.  Since  the  schlich  and  mehl  are  gener- 
ally delivered  in  a  moist  condition,  the  bins  for  their  reception,  on 
the  other  side  of  the  building,  are  slightly  inclined  towards  the 
front,  with  a  gutter  running  along  their  length  for  drainage.  A 
trap-door,  about  two  feet  square,  is  situated  in  front  of  each  bin,  for 
the  purpose  of  dumping  the  weighed  ore  into  corresponding  bins  on 
the  floor  below,  from  which  it  is  transported  in  cars  to  the  mixing- 
house. 

In  order  to  facilitate  the  weighing,  a  travelling  crane  extends 
along  the  middle  of  the  building.  This  crane  consists  of  two  bars  of 
U  iron,  5  inches  high,  0.25  inch  thick,  and  6  inches  apart,  bolted  to 
cast-iron  carriers,  10  feet  apart,  which  serve  as  rails  for  the  four 
wheels  of  the  overhead  car.  The  wheels  are  6  inches  in  diameter, 
and  their  axles  turn  in  a  triangular  wrought-iron   frame,  26  inches 
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long  and  18  inches  high.  The  two  frames  are  joined  together 
at  the  bottom  by  a  wronght-iron  bolt,  supporting  a  hook  to  which  the 
scales  are  attached.  The  wei(>;hino::-box  of  these  scales  is  conveni- 
ently  arranged  for  the  handling  of  the  ore.  It  consists  of  a  stout 
sheet-iron  box,  with  inclined  sides,  36  inches  long  and  24  inches 
wide  above,  21  inches  long  and  15  inches  wide  below, and  12  inches 
deep,  containing  3.9  cubic  feet.  This  box  is  suspended  from  the  bal- 
ance-beam by  four  hooks,  and  is  provided  with  a  hinged  bottom,  the 
doors  of  which  open  outwards.  These  doors  are  held  in  position 
by  four  chains,  passing  over  a  grooved  wheel  fixed  to  a  shaft  crossing 
the  box.  The  shaft  is  provided  at  its  extremity  with  a  crank  and 
ratchet  wheel,  by  means  of  which  the  doors  may  be  closed  or  opened. 
The  box  holds  about  400  pounds  of  ore.  The  weighing  takes  place 
only  on  certain  days  in  the  week,  and  is  done  by  contract,  the 
weigher  receiving  five-eighths  of  a  cent  a  ton.  The  mixing-house, 
215  feet  long  by  52  feet  wide,  is  situated  on  the  same  level  as  the 
ground  floor  of  the  weighing-house.  The  ore  is  spread  out  in  layers, 
100  feet  long,  20  feet  wide,  and  a  few  inches  thick,  and  is  alternately 
rich  and  poor.  This  operation  is  continued  until  the  pile  reaches  a 
height  of  from  four  to  five  feet;  then,  beginning  at  one  end,  a  section 
is  taken  from  this  pile  by  the  workmen,  removed  to  another  part  of 
the  building  and  thoroughly  mixed  with  shovels.  In  the  case  of  an 
incomplete  mixing,  the  mixer  is  obliged  to  transport  the  material,  in 
his  own  time,  back  to  the  original  pile,  where  he  again  spreads  it 
out  in  layers. 

From  the  mixing-house  the  material  is  transported  in  light  iron 
hand-carts  to  the  building  containing  the  roasting  furnaces.  This 
building,  225  feet  long  by  80  feet  wide,  is  situated  at  a  somewhat 
lower  level  than  the  mixing-house,  and  contains  eight  roasting  fur- 
naces {fortschaufelungsofen),  at  equal  distances  apart,  and  arranged 
parallel  to  the  width  of  the  building.  These  furnaces  are  60  feet 
long,  12  feet  wide,  and  are  provided  with  eight  doors  on  each  side, 
seven  of  which  are  working  doors,  through  which  the  ore  is  moved 
forward  towards  the  fire  by  means  of  long  shovels,  and  the  eighth  is 
used  for  firing.  These  doors  are  equidistant  on  each  side,  but  are 
not  situated  opposite  to  each  other.  The  fire-bridge  is  kept  cool  by 
a  stream  of  water  passing  through  it.  The  charges  for  roasting, 
consisting  of  2000  pounds  of  ore,  are,  before  their  introduction  into 
the  furnace,  dried  in  large  cast-iron  boxes,  from  which  they  pass 
through  a  hopper  to  the  hearth  of  the  furnace. 

The  chara;e  is  allowed  to  remain  in  front  of  each  workino;  door  six 
hours;  it  then  passes  along  to  the  next  working  door  in  the  direc- 
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tlon  of  the  fireplace,  where  it  remains  another  six  hours.  This  opera- 
tion is  continued  every  six  hours  until  the  charge  reaches  the  last 
working  door,  thus  requiring  42  hours  for  the  roasting  of  a  charge. 
The  roasted  charge  is  drawn  as  a  pasty  mass  from  the  furnace,  through 
a  slide-door  situated  in  the  hearth  in  front  of  the  last  working  door, 
into  a  cart  made  of  boiler-plate. 

Each  furnace  requires  the  attendance  of  four  men,  two  roasters 
and  two  helpers,  who  work  in  shifts  of  12  hours  each,  and  receive 
respectively  65  cents  and  50  cents  a  shift.  Besides  this  amount,  a 
first,  second,  and  third  premium  of  12,  8,  and  4  cents  is  paid  a  shift, 
according  to  the  amount  of  sul[)hur  remaining  in  the  roasted  prod- 
uct. The  first  premium  is  paid  when  the  amount  of  sulphur 
present  is  less  than  one  per  cent.,  and,  in  case  the  amount  exceeds 
two  per  cent.,  no  premium  is  paid,  and  the  ore  must  be  re-roasted. 
The  products  of  combustion  pass  from  the  hearth  of  the  furnace 
through  a  canal  extending  along  its  top  (flugstaubkammer)  80  feet 
long,  connecting  with  a  chimney  110  feet  high.  An  adjoining 
building  contains  a  reserve  of  six  furnaces. 

The  charging-house,  situated  at  a  distance  of  60  feet  from  the  roast- 
ing-house,  is  200  feet  long  and  50  feet  wide,  and  is  divided  into  two 
parts,  the  first  of  which  is  used  for  the  breaking  up  of  the  roasted 
mass,  and  the  second  for  the  mixing  of  the  roasted  mass  with  other 
products,  such  as  rich  slags,  old  hearths  from  the  refining  furnaces, 
litharges,  and  other  products  rich  in  silver,  for  charging  in  the  shaft 
furnaces.  The  mixture  for  charging  is  variable,  the  following  com- 
ponents constituting  an  example  of  its  composition : 

40,000  pounds  roasted  ore. 


16,000 

u 

rich  slags. 

1,200 

u 

spathic  iron  ore. 

2,000 

a 

feldspar. 

600 

u 

litharge  from  refining. 

3,400 

u 

rich  litharge  from  refining. 

800 

(< 

rich  hearth  scrap. 

1,600 

(( 

calcite. 

1,400 

u 

litharge. 

1,600 

u 

clay  iron  stone. 

400 

u 

hearth  scrap. 

2,000 

u 

old  hearth. 

2,300 

u 

kies  abrdnde  from  iron  works 

2,400 

<( 

limestone. 

600 

a 

lead  slags. 

600 

<( 

abfitrich  from  cupellation. 

The  charge  is  transported  in  cars  to  an  elevator   adjoining  the 
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furnace-house,  by  which  they  are  lifted  to  the  top  of  the  furnace. 
Tliese  cars  are  cylindrical  in  shape,  made  of  sheet  metal,  0.823  meter 
(2.7  feet)  in  diameter,  0.724  meter  (2.38  feet)  high,  and  hold  800 
pounds  of  the  ore  mixture;  they  dump  from  the  bottom.  From  1863 
to  1869  blast  furnaces  of  the  Rittinger  pattern  with  two  tuyeres  were 
in  use.  In  the  latter  year  the  present  style  of  cylindrical  furnaces 
with  five  tuyeres  was  adopted.  Such  good  results  were  obtained 
that  in  1871  a  larger  furnace  was  built  with  seven  tuyeres,  which 
gave  a  much  greater  product  with  one-third  less  consumption  of 
fuel.  In  1873  a  second  furnace  with  five  tuyeres  was  built,  and  in 
1877  a  third  and  fourth  of  same  type. 

Dimensions  oj  the  Blast  Furnace. — From  surface  of  ground  to 
mouth  8.85  meters  (29.04  feet);  diameter  in  hearth  1.4  meters  (4.59 
feet);  in  throat  2.2  meters  (7.22  feet).  The  outer  diameter  is  4.6 
meters  (15.09  feet) ;  the  outer  lining  of  common  red  brick,  0.45  meter 
(17.72  inches)  thick,  is  covered  with  a  boiler-plate  jacket,  6  mm. 
(0.24  inch)  thick;  the  inside  lining  consists  of  firebrick,  0.6  meter 
(1.97  feet)  thick,  separated  from  the  outer  lining  of  red  brick  by  0.1 
meter  (3.94  inches)  of  open  space.  The  upper  portion  of  the  furnace 
rests  on  six  ribbed  cast-iron  plates  (mantels),  0.052  meter  (2.05  inches) 
thick,  which  are  supported  on  cast-iron  columns,  2.2  meters  (7.22 
feet)  high,  0.25  meter  (9.84  inches)  in  diameter,  and  0.026  meter 
(1.02  inches)  thick.  These  columns  rest  on  iron  plates  supported 
by  masonry.  The  firebrick  lining  is  0.6  meter  (1.97  feet)  thick  in 
the  lower,  and  0.4  meter  (1.31  feet)  in  the  upper  portion.  The  base 
of  the  furnace  consists  of  an  iron  plate,  1.74  meters  (5.71  feet)  in 
diameter  and  0.08  meter  (3.15  inches)  thick,  situated  0.5  meter  (1.64 
feet)  below  the  surface  of  the  ground. 

In  the  lower  portion  of  the  furnace  frame  is  a  fire-hearth,  made  of 
a  bent  iron  plate  0.013  meter  (0.51  inch)  thick,  surrounded  by  two 
iron  bands,  and  secured  by  ten  anchor  plates.  The  sole  of  the  fur- 
nace is  lined  with  0.63  meter  (24.8  inches)  of  brasque,  on  which  the 
lead  (werkhlei)  settles.  The  slag  flows  into  forms.  Three  rows  of 
water-boxes,  made  of  wrought  iron,  protect  the  region  around  the 
tuyeres  from  burning  out.  There  are  seven  boxes  in  the  lower  row, 
five  in  the  middle,  and  six  in  the  upper;  those  of  each  row  are  bolted 
together.     A  course  of  firebrick  is  between  each  row. 

The  dust-chambers  (flugstaubkammer)  are  in  4  parts,  7.8  meters 
(25.59  feet)  long,  1  meter  (3.28  feet)  wide,  and  1.6  meters  (5.25  feet) 
high;  they  are  cemented  on  the  inside,  to  prevent  the  escape  of  gas, 
and  vaulted  with  arches.     The  gases  are  conducted  to  these  cham- 
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bers  by  sheet-iron  pipes  0.6  meter  (1.97  feet)  in  diameter,  provided 
with  valves,  and  thence  to  a  chimney  9.5  meters  (31.17  feet)  high 
and  0.8  meter  (2.62  feet)  in  diameter.  The  valves  are  used  for  pre- 
venting the  exit  of  the  gas  when  it  is  required  for  heating  purposes; 
it  is  first  purified  in  a  washing  apparatus,  and  then  fed  under  the 
boilers.  Fifty  cubic  meters  (1766  cubic  feet)  of  blast,  under  a  pres- 
sure of  50  mm.  (1.96  inches)  of  mercury,  are  required  each  minute 
for  each  furnace.  The  main  blast-pipes  are  0.63  meter  (24.8  inches) 
in  diameter;  the  tuyere-pipe  is  0.08  meter  (3.15  inches)  in  diameter. 
Forty  to  forty-five  tons  of  mixed  charge  {beschickung),  with  five  to 
six  tons  of  fuel  (40  per  cent,  charcoal  and  60  per  cent,  coke),  are 
required  in  twenty-four  hours  for  each  furnace. 

The  slag  coming  from  these  furnaces  is  much  purer  than  that  from 
the  furnaces  with  two  tuyeres,  and  contains  only  0.0023  per  cent, 
silver  and  1.5  per  cent.  lead.  The  campaign  lasts  three  months,  the 
longest  having  been  in  1877,  lasting  158  days. 

The  lead  (iverkblei)  is  run  into  moulds  from  the  blast  furnaces, 
and  then  requires  to  have  its  percentage  of  silver  raised  before  it  is 
rich  enough  for  refining  in  the  cupelling  furnace.  This  is  done  by 
the  Marseilles  modification  of  the  old  and  well-known  Pattinson 
process  of  crystallization.  This  Marseilles,  or  steam  process,  de- 
serves to  be  better  known  than  it  is  at  present  in  the  United  States, 
as  it  combines  rapidity  of  action  in  the  desilverization  of  lead,  with  a 
very  limited  working  force,  and  a  comparatively  small  expenditure 
of  capital.  The  only  plant  required  is  a  steam  boiler,  a  powerful 
steam-crane,  capable  of  lifting  ten  tons,  and  the  furnace  itself. 

The  Pattinson  process,  as  is  generally  known,  is  founded  on  the 
fact  that  when  lead  containing  silver  is  melted,  and,  while  being 
agitated,  allowed  to  cool  slightly,  a  crystallization  begins  of  the 
purer  portion  of  the  lead,  which  is  ladled  out  with  perforated  iron 
ladles,  while  the  silver  remains  in  alloy  with  the  remaining  liquid. 

In  place  of  agitating  the  bath  of  lead,  during  the  crystallization, 
with  a  rod,  as  in  the  ordinary  Pattinson  process,  or  by  means  of 
cast-iron  propellers,  as  in  the  Laveyssiere  system,  recourse  is  had  in 
the  Marseilles  process  to  the  direct  action  of  steam,  which  produces 
in  the  liquid  mass  an  agitation  resembling  that  of  a  very  dense  liquid 
in  the  state  of  ebullition. 

This  violent  and  continued  agitation  is,  as  is  demonstrated  by  ex- 
perience, very  favorable  to  the  separation  of  the  lead  and  silver  into 
the  form  of  poor  crystals  and  enriched  liquid  lead.  The  action  of 
the  steam  is  essentially  mechanical,  although  there  is  also  in  the  case 
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of  impure  lead  a  chemical  refining  action.  The  process  requires  a 
furnace  for  melting  and  crystallizing,  a  steam-crane,  and  a  boiler. 
The  furnace  contains  three  large  cast-iron  kettles,  or  crucibles,  situ- 
ated at  different  levels:  two  upper  kettles,  for  the  melting  of  the 
lead  to  be  desilverized,  containing  together  nine  to  ten  tons;  and 
one  lower  kettle,  containing  fifteen  to  sixteen  tons.  A  platform,  at 
the  level  of  the  edge  of  the  lower  kettle,  permits  the  skimming  of 
the  oxides  and  a  supervision  of  the  work.  The  large  kettle  is  cast 
with  three  openings  near  the  bottom,  two  of  which  are  for  the  pur- 
pose of  tapping  the  lead,  and  are  closed  when  not  in  use  by  friction 
plates;  the  third  is  for  the  inlet  of  the  steam,  being  provided  with 
a  valve  for  the  purpose  of  preventing  the  lead  from  solidifying  in 
the  tube.  The  work-lead,  as  first  melted  in  one  of  the  upper  kettles, 
is  cleansed  of  its  oxide,  and  allowed  to  run  into  the  lower  one;  at 
this  moment  a  little  jet  of  steam  is  introduced  in  order  to  facilitate 
the  mixture  of  the  crystals  of  the  preceding  operation  with  the  melted 
lead. 

A  film  of  water  is  then  thrown  on  the  surface  of  the  lead,  partially 
cooling  it,  and  facilitating  the  formation  of  crystals.  Steam,  from 
a  boiler  at  the  pressure  of  45  pounds,  is  now  introduced  into  the 
melted  lead  through  the  inlet  opening,  and  is  caused  to  distribute 
itself  in  a  uniform  manner  by  being  passed  underneath  a  horizontal 
circular  disk  of  cast  iron  secured  to  the  bottom  of  the  kettle,  and  a 
few  inches  above  it. 

The  kettle  is  furnished  above  with  a  frame  of  angle  iron  covered 
with  sheet-iron  segments  which  are  alternately  raised  by  the  work- 
men every  few  minutes  in  order  to  detach,  with  a  long  chisel,  the 
lead  which  during  the  ebullition  has  come  in  contact  with  the  upper 
portion  of  the  kettle  and  there  congealed.  The  outlet  tubes  are 
heated  before  tapping  so  that  the  lead  will  not  cool  in  them.  The 
frame  of  the  sheet-iron  cover  carries  a  chimney  which  puts  the  kettle 
in  communication  with  the  condensation-chambers,  into  which  the 
vapor  enters  carrying  a  portion  of  the  oxides,  which  are  then  de- 
posited in  a  pasty  state. 

When  about  two-thirds  of  the  lead  is  crystallized,  the  melted  and 
enriched  lead  is  allowed  to  flow  out  into  large  oblong  cast-iron 
moulds  depressed  to  a  lev«l  with  the  f^oor.  The  outlet  tubes  are 
furnished  with  iron  grates  or  sieves  for  the  purpose  of  retaining  the 
crystals.  Each  lump  of  lead  weighs  about  5000  pounds,  two  being 
made  at  a  casting,  or  10,000  pounds,  which  is  one-third  of  the  con- 
tents of  the  kettle.     The  lumps  of  kad  successively  obtained  in  a 
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series  of  operations  are  raised  by  means  of  the  steam-crane,  and 
ranged  according  to  their  percentage  of  silver  around  the  furnace. 
The  lead  higher  in  percentage  than  the  original  lead  is  accumu- 
lated until  its  amount  allows  the  commencement  of  a  new  series  of 
operations  of  which  its  percentage  is  the  original  point. 

The  tapping  of  the  enriched  lead  completed,  the  lead  that  has 
been  melted  in  the  upper  kettle  during  the  crystallization  is  intro- 
duced and  a  new  operation  is  begun. 

When  the  impoverishment  is  sufficient  to  make  merchant  lead,i.  e., 
when  the  silver  is  so  small  in  amount  that  its  removal  is  no  longer 
profitable,  or  when  it  is  desired  to  remove  the  complementary  lead 
which  is  in  the  state  of  crystals,  a  fire  sufficient  to  melt  the  lead  is 
made  in  the  hearth  of  the  furnace  under  the  lower  kettle. 

The  merchant  lead  is  run  into  iron  moulds  of  the  ordinary  form, 
disposed  around  an  arc  of  a  circle  of  which  the  outlet  tube  is  the 
centre,  by  means  of  a  trough  movable  on  a  pivot.  All  the  work 
done  between  the  running  of  the  lead  of  the  upper  kettle  into  the 
lower  kettle,  and  the  casting  into  lumps  of  the  enriched  lead  is 
called  an  operation,  the  length  of  which  is  about  two  hours.  The 
tapping  of  the  merchant  lead  and  that  of  the  complementary  lead 
are  considered  as  two  operations,  because  the  time  necessary  for  the 
melting  of  the  crystals  in  the  lower  kettle  is  nearly  double  the  time 
necessary  for  a  crystallization.  The  steam-crane  is  a  very  strongly 
built  piece  of  machinery,  is  made  of  heavy  boiler-plate,  and  is  about 
35  feet  high.  All  its  motions  are  automatic  and  are  directed  by  the 
engineer,  who  stands  on  a  platform  connecting  the  two  cylinders 
which  revolve  with  the  crane.  One  skilled  workman  and  one  helper, 
besides  the  engineer,  comprise  the  working  force  required  in  the 
process.  The  argentiferous  lead  being  then  rich  enough  for  refin- 
ing goes  to  the  cupelling  furnaces,  where  the  silver  is  extracted  to 
the  extent  of  about  100  pounds  a  day.  The  lead  oxide  (litharge)  is 
sold. 

The  writer  takes  this  opportunity  of  thanking  the  officials  of  both 
the  ore-dressing  and  smelting  works,  for  the  uniform  and  continued 
courtesy  shown  to  him  while  pursuing  his  investigations.  The 
geological  sketch  has  been  partially  taken  from  the  "  Uebersicht 
des  Silber  and  Bleiberghau  bei  Pribravi'^  written  by  Herr  Fallen, 
in  Berg-  und  Huttenmdnnisches  Jahrbuch^  vol.  xiii,  and  reference  has 
been  made  to  the  Desargcntation  et  Raffinage  du  Plomb  au  moyen  de 
la  Vapeur  d^eau,  par  M.  Luce  Rozan,  fils,  Annates  des  Mines, 
Septihne  Serie,  Tome  iii.     The  figures  given  in  describing  the  ore- 
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(TreBsino:  works  are  either  from  actual  measurement  or  were  obtained 
from  the  under  officials.  The  horse-powers  were  very  accurately 
taken  with  a  dynanometer  for  the  purpose  of  being  incorporated  in  a 
manuscript  report  on  the  works  to  the  government,  to  some  of  the 
drawings  of  which  report  the  writer  had  access. 


COAL  WASHING. 

BY   S.    STUTZ,    M.E.,    PITTSBURGH.    PA. 

Coal,  like  most  other  minerals,  only  exceptionally  occurs  in  a 
sufficiently  pure  state  to  be  directly  available  for  general  manu- 
facturing purposes.  And  even  where  this  is  the  case,  the  small  coal 
or  slack  is  usually  more  impure  than  the  lump  coal,  as  the  slate, 
clay,  etc.,  from  the  roof  and  bottom  of  the  vein  become  mixed  with 
it  in  the  handling  it  undergoes.  These  impurities  often  exceed  ten 
or  more  per  cent,  in  addition  to  the  impurities  of  the  coal  itself. 
The  most  common  impurities  of  the  coal  are  slate,  or  shale,  clay, 
and  sulphur.  The  latter  occurs  in  different  forms,  but  most  fre- 
quently as  bisulphide  of  iron,  or  iron  pyrites,  and  as  sulphate  of 
lime,  or  gypsum.  In  both  cases  the  impurities  add  greatly  to  the 
amount  of  ash,  and  where  they  are  present  in  considerable  quanti- 
ties the  raw  coal,  and  still  more  the  coke  made  from  it,  is  unfit 
for  the  manufacture  of  iron.  Coke  will  contain  on  an  average  at 
least  fifty  per  cent,  more  ash  and  sulphur  than  the  raw  coal  from 
which  it  is  made.  To  the  manufacturer  of  iron  every  additional 
per  cent,  of  ash  which  his  coal  or  coke  contains  is  a  source  of  addi- 
tional expense,  seemingly  small,  and  yet  very  important  in  the 
aggregate.  In  the  blast-furnace,  for  instance,  the  ash  must  be 
heated  up  to  the  melting-point,  and,  since  it  is  composed  largely  of 
refractory  substances,  the  consumption  of  carbon  in  melting  it  will  be 
equal  to  at  least  one-half  of  its  weight;  that  is,  a  certain  part  of  the 
coke  is  consumed  for  the  melting  and  fluxing  of  the  ash  and  is  lost. 
Besides  this,  it  is  well  enough  known  to  the  iron-master  that  coke 
containing  less  ash  makes  the  slag  or  cinder  more  liquid  and  less 
inclined  to  stick  to  the  walls  of  the  furnace.  Fuel  containing  much 
sulphur  j)roduces  generally  a  white  iron,  poor  in  carbon,  while  from 
the  same  ore  and  flux,  with  a  pure  fuel,  a  good  foundry  iron  might 
be  obtained. 

The  work  of  separating  slate,  sulphur,  etc.,  from  the  coal  has  as 
yet  only  been  successfully  accomplished  by  the  washing  process. 
This  process  depends  for  its  success  on  the  differences  in  the  specific 
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gravities  of  the  coal  and  its  impurities.     The  average  specific  gravi- 
ties of  these  are: 

Coal, .  1.25  to  1.50 

Bone  coal, 1-45  to  1.80 

Slate, 2  25  to  2.50 

Coal  or  slate  with  pyrites, 3.20  to  3.60 

Pyrites, 5.00  to  5.20 

There  is,  however,  an  objectionable  feature  involved  in  the  sepa- 
rating process,  namely,  that  it  requires  the  reduction  or  crusliing  of 
the  large  })ieces  to  a  comparatively  small  size,  the  fineness  to  which 
they  should  be  reduced  depending  upon  the  intimacy  of  the  mixture 
of  the  impurities  with  the  coal.  This  crushing  is  a  great  disad- 
vantage, if  the  coal  is  to  be  used  in  a  raw  state,  but  in  no  other  way 
can  the  cleaning  be  accomplished,  if  the  impurities  are  intimately 
combined  with  the  coal.  For  the  manufacture  of  coke,  however, 
the  crushing  is  not  objectionable,  but  rather  an  advantage,  because 
the  smaller  the  pieces,  the  more  the  impurities  are  loosened  and 
eliminated,  if  the  washing  is  properly  done,  and  the  better  and  closer 
the  coke. 

Heretofore  the  washing  process  has  been  confined  chiefly  to  the 
preparation  and  cleansing  of  bituminous  coal.  Latterly,  however, 
it  is  coming  more  and  more  into  use  for  the  removal  of  slate 
from  anthracite  coal,  thus  superseding  the  old  methods  of  hand- 
picking.  At  many  of  our  Western  mines,  even  where  the  coal  is  too 
dry  for  coking,  it  would  be  very  profitable  to  wash  the  slack,  which 
is  now  thrown  away,  or  sold  for  a  trifle.  Washed  slack  coal,  classi- 
fied into  different  grades,  according  to  size,  would  find  an  easy 
market,  and  the  additional  price  which  could  be  obtained  for  it 
would  probably  more  than  pay  for  the  washing.  Increasing  com- 
petition will  doubtless  compel  the  washing  and  saving  of  this  slack; 
for  by  such  economies  and  processes  only  can  every  portion  of  the 
mine  output  be  disposed  of  to  the  very  best  advantage.  A  colliery 
with  a  complete  outfit  of  machinery,  could  produce,  on  demand, 
washed  nut  coal  and  slack,  together  with  the  cleanest  lump  coal. 

There  is  almost  no  coal  -used  for  coking  which  may  not  be  im- 
proved by  the  washing  process,  and  which  would  not  produce  a 
better  coke,  if  it  was  previously  washed,  no  matter  \vhat  its  reputa- 
tion and  its  nominal  purity.  The  common  expression  "  free  from 
sulphur  and  slate''  is  founded  on  enthusiasm  rather  than  fact.  The 
best  coal  contains  an  appreciable,  and  often  a  considerable,  percentage 
of  injurious  ingredients,  which  could  be  freed  from  it,  to  a  large 
extent,  by  properly  conducted  washing. 
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Many  systems  and  varieties  of  machines  for  coal  washing  have 
been  used.  To  attempt  a  description  of  them  all  would  carry  me 
far  beyond  the  limits  set  for  this  paper.  However,  I  shall  at  the 
proper  place  speak  of  these  systems. 

Since  the  washing  or  separation  of  the  coal  from  the  impurities 
requires  a  previous  crushing  of  the  larger  pieces  to  smaller  ones, 
it  will  be  advisable,  in  treating  of  coal  washing  and  the  plant  re- 
quired, to  divide  the  subject  as  follows: 

1st.  Crushing  apparatus. 

2d.  Separating  or  washing  machines. 

3d.  General  arrangement  of  the  machinery. 

1.  Crushing  Apparatus. 

The  chief  object  of  the  crushing,  as  already  stated,  is  to  facilitate 
the  separation  of  the  impurities  from  the  coal.  For  most  of  our 
coals  a  reduction  to  pieces  of  from  0.25  to  0.375  inch  in  diameter  is 
sufficient.  For  some  inferior  qualities,  with  a  high  percentage  of 
sulphur  and  ash,  the  crushing  should  be  carried  farther,  say  to  pieces 
of  0.125  to  0.1875  inch.  In  addition  to  loosening  the  impurities 
from  the  coal,  the  crushing  also  reduces  the  material  to  a  more  uni- 
form size,  and  thus  greatly  facilitates  the  separation.  It  also  im- 
proves the  quality  of  the  coke,  for  the  smaller  the  coal,  the  more 
uniform  and  closer  the  coke.  The  machinery  best  adapted  to  the 
crushing  of  large  quantities  of  coal  is  the  roll-crusher,  one,  two,  or 
three  pairs  of  rolls  being  required,  according  to  the  character  and 
hardness  of  the  coal  to  be  crushed. 

CRUSHER  WITH  ONE  PAIR  OF  ROLLS. 

Plate  I  shows  a  crusher  with  two  rolls.  It  is  intended  for  the 
reduction  of  the  larger  pieces  of  slack,  together  with  nut  coal.  The 
rolls,  A,  are  slightly  fluted  and  are  set  on  strong  cast-iron  housings, 
H.  The  roll  next  the  shoot,  C,  is  provided  with  an  arrangement  to 
prevent  the  breaking  of  parts  of  the  machinery.  Both  housings 
have  boxes,  c,  cast  wnth  them,  in  which  spiral  springs  are  lodged. 
The  latter  are  bent  by  the  screw-nut,  n,  [\nd  exert  their  pressure  upon 
the  journal-box,  r.  The  distance  between  the  rolls,  or  the  size  of 
the  pieces,  can  be  easily  regulated  by  giving  more  or  less  pressure 
to  the  springs.  Motion  is  given  to  the  rolls  by  means  of  the  pulley, 
P,  and  is  transmitted  from  one  roll  to  the  other  by  cogwheels,  w. 
A  flywheel,  F,  regulates  the  working  of  the  apparatus.  It  is  prefer- 
able to  set  such  a  crusher  on  the  second  floor  of  the  building,  above 
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the  separator  or  washer,  as  in  this  case  the  shoot  receiving  the  slack 
from  the  elevator  may  be  formed  of  a  screen  the  meshes  of  which 
correspond  to  the  required  size  of  the  coal.  Pieces  which  are  already 
small  enough  will  pass  through  the  screen  directly  into  the  washer, 
while  the  larger  pieces  only  are  conducted  into  the  rolls.  The  capa- 
city of  the  apparatus  may  thus  be  greatly  increased. 

To  reduce  pieces  of  coal  or  other  minerals  of  a  given  size  to  smaller 
ones  the  crushing-rolls  must  be  sufficiently  large  to  make  the  angle, 
a,  relatively  small  (see  Fig.  1);  «  being  the  angle  between  the  radius, 


FiGl. 


a  G  drawn  from  the  point  of  contact  of  the  material  to  be  crushed 
with  the  rolls  and  the  centre-line,  c  c.  This  is  necessary  in  order 
that  the  friction  between  the  material  and  the  rolls  shall  be  great 
enough  to  carry  the  pieces  between  the  rolls.     That  is  : 

P  u  COS.  a  ^  P  sin.  a  tan.  a, 
and  u  ^  tan.  2  a, 

P  being  the  force  acting  at  the  circumference  of  the  roll,  and 

u  the  coefficient  of  friction. 

The  small  weight  of  the  mineral  piece  is  neglected. 

Let  the  distance  between  the  contact  points,  a  a,  of  the  material 
with  the  roll  be  f,  and  the  size  of  the  crushed  mineral,  or  the  width, 
h  bj  of  the  opening  through  which  the  fragments  have  to  pass,  be  w, 
then  we  have, 

t  —  w  „ 

— - —  =  K  vers,  sine  a, 

and 


K  = 


t~ 


"2  vers,  sine  a       2(1  —  cos.  a)' 


R  being  the  radius  of  the  rolls. 

Thus,  with  the  same  distance,  t,  the  angle,  «,  will  increase  as  the 
radius  of  the  roll  decreases ;  and  hence,  to  crush  coarse  minerals,  the 
radius  must  be  increased  very  nearly  in  the  same  ratio  as  t  increases; 
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otherwise,  a  having  become  too  great,  the  rolls  will  not  take  in  the 
pieces.* 

For  ordinary  conditions  and  with  t  averaging  from  2.75  to  0.5  inch 
material,  Wertheim  thinks  20  degrees  will  be  a  proper  value  for  the 
angle  «. 

For  example,  suppose  a  certain  crusher  is  to  reduce  coal  from  1.5 
to  0.375  inch  fragments,  what  will  be  the  diameter  of  the  rolls, 
if  «  =  20  degrees  ? 

l^y  substituting  the  figures  in  the  above  formula,  we  have 

1  5  _().875  .     , 

R  =v,7i onof^  ^-3"'^  inches, 

2(1  —  COS.  20  ) 

or,  the  diameter  of  the  rolls  will  be  18.75  inches. 
•   The  rolls  of  the  apparatus,  represented  on  Plate  I,  are  20  inches 
in  diameter,  and  are  usually  4  feet  in  length. 

According  to  Pernolet,  the  amount  of  material  which  may  be 
crushed  by  a  pair  of  rolls  in  a  given  time  is  equal  to  one-fourth  or 
one-fifth  of  a  band  or  layer,  whose  length  is  the  circumference  of  the 
roll  multiplied  by  the  number  of  revolutions;  whose  width  is  the 
length  of  the  rolls;  and  whose  thickness  is  equal  to  the  space  or 
distance  between  the  rolls. 

Or, 

d  IT  n  I  M 


where 

d  =  diameter  of  rolls, 

n  =  number  of  revolutions  in  the  given  time, 

I  =  length  of  rolls, 

w  =  space  between  the  rolls,  and 

J  =  coefficient,  to  allow  for  the  irregular  feeding  of  the  material 
and  the  space  between  the  pieces. 

The  crusher  above  described  and  figured  in  Plate  I  is  running  at 
the  rate  of  100  revolutions  a  minute,  with  a  space  of,  say,  0.375  of 
an  inch  between  the  rolls. 

By  substituting  these  figures  in  the  above  formula,  the  amount  of 
material  crushed  by  the  machine  would  be: 

^        20X3.14X100X48x0.375  . 

H  ^ 2 ^^  28,260  cubic  inches, 

which  is  equal  to  16.354  cubic  feet  a  minute,  and,  for  a  day  of  10 
hours,  9822  cubic  feet,  or  over  250  tons. 

*  Gfetzschmann,  Aufbereitung,  vol.  i,  p.  450. 
VOL.  IX. — 30 
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My  experience  has  been  that  the  feeding  coefficient  of  one-fourth 
is  too  small,  and  that  one-third  would  come  nearer  to  the  result 
obtained  in  practice. 

As  to  the  power  necessary  to  crush  a  certain  amount  of  material 
in  a  given  time,  Wertheim  has  established  the  following  expression : 

Q(t  —  co)k 
xl   = rr» ' 

k  being  the  coefficient  of  crushing  strength,  and  T  the  working  time. 

To  crush  the  above  amount,  9822  cubic  feet  of  slack  coal,  aver- 
aging, say,  0.75  inch  pieces,  into  fragments  of  0.375  inch,  if  k  =  200 
pounds  on  a  square  inch,  would  require: 

„        9822(0  75— 0.875)  X  200  X  144        176,796        .  ^^  . 

H  =  - -— — = =  5  36  horse-power. 

600  aaooo 

In  the  above  no  allowance  is  made  for  the  friction  of  the  ma- 
chinery, and  it  will  be  safe  to  add  about  20  per  cent,  to  the  calcu- 
lated amount.     Thus  the  total  horse-power  would  be 

5.36  X  1.2  =  6.4. 
CRUSHING   MACHINE    WITH    TWO    PAIRS    OF    ROLLS. 

Plate  II  represents  a  crushing  machine  with  4  rolls,  one  pair 
above  the  other.  It  is  used  to  crush  coarse  screenings,  with  lumps 
from  6  to  8  inches  in  size.  The  rolls  of  both  pairs  are  fluted,  the 
upper  ones  coarsely,  the  lower  ones  only  slightly,  as  in  the  crusher 
with  2  rolls.  Instead  of  the  upper  fluted  rolls,  a  pair  of  regular 
breaking  rolls,  with  steel  teeth,  may  be  used  when  the  coal  is  very 
hard.  The  housings  are  of  cast-iron  and  have  boxes  for  spring  ar- 
rangements, for  the  lower  rolls,  as  above.  By  means  of  hand- 
wheels,  A,  and  screw-stems,  s,  the  space  between  the  upper  rolls  may 
be  easily  adjusted  to  suit  the  size  of  the  material.  The  lower  rolls  are 
regulated  in  the  same  manner  as  before.  Motion  is  given  to  the 
machine  by  means  of  the  pulley,  P,  and  is  transmitted  to  the  differ- 
ent rolls  by  cogwheels  and  idlers.  A  flywheel  of  sufficient  weight, 
keyed  upon  the  upper  rear  shaft,  regulates  the  working.  The  diam- 
eter of  the  lower  rolls  is  20,  and  of  the  upper  ones  18  inches,  tiieir 
length  is  uniformly  4  feet.  For  soft  coal,  the  "  run  of  the  mine"  can 
be  crushed  with  such  an  apparatus.  It  is  provided  with  an  automatic 
feeding  device,  consisting  of  the  movable  screen, C.  The  latter  has 
three  sides,  in  the  shape  of  a  box,  and  is  supported  by  four  wheels, 
standing  on  rails, r.  The  screenbars,c,  have  spaces  of  0.4375  inch 
between  them,  for  the  passage  of  the  particles  already  small  enough. 
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A  jarring  movement  is  given  to  the  screen  by  means  of  the  cam,c?, 
and  the  spiral  spring, w.  While  the  cam,  rf,  is  causing  the  screen  to 
move  backwards,  for  the  length  of  its  stroke,  the  spring, n,  is  com- 
pressed and  bent  between  the  frame  and  the  yoke,  e ;  and  as  soon  as 
the  cam  escapes,  the  power  of  the  spring  throws  the  yoke  and  the 
screen  attached  thereto  forwards  with  great  speed.  The  screen  thus 
moving  is  brought  to  a  sudden  stop  by  the  regulating  screw,  o,  and 
the  finer  coal  falls  through,  while  the  larger  lumps  are  thrown  for- 
ward into  the  rolls.  As  the  cam  is  double,  this  is  done  twice  each 
revolution.  The  length  of  the  stroke,  and  the  power  necessary 
to  the  spring,  n,  can  be  easily  adjusted,  to  suit  the  quantity  to  be  fed 
at  each  stroke.  This  is  done  by  means  of  the  screw-nut, o.  About 
400  tons  of  coal  may  be  prepared  by  the  apparatus  in  a  day  of  ten 
hours.  To  crush  hard  coal,  like  that  from  the  Pittsburg  vein,  about 
10  horse-power  are  required. 

BREAKING   AND    CRUSHING   MACHINE   WITH    THPwEE   PAIRS   OF    ROLLS. 

The  engraving,  Plate  III,  represents  a  breaking  and  crushing 
machine.  Its  object  is  to  reduce  material  of  different  sizes,  called 
the  run  of  the  mine,  to  small  particles  of  a  uniform  size.  It  has 
three  pairs  of  rolls,  superposed,  and  set  on  strong  cast-iron  housings. 
The  upper  pair.  A,  is  provided  with  sharp  steel  teeth,  to  break  the 
large  lumps  into  suitable  pieces,  while  the  middle  and  lower  pairs, 
A^  and  A^,  are  fluted  in  the  same  way  as  in  the  foregoing  machines. 
For  the  crushing  of  ore,  salt,  sandstone,  etc.,  to  very  small  grains, 
the  surface  of  the  lower  rolls  is  made  smooth.  The  space  between 
the  rolls  of  each  pair  may  be  regulated  to  suit  the  material  and  size 
required.  For  the  upper  and  middle  pairs  the  adjusting  is  done  by 
means  of  handwheels,  h,  keyed  upon  screw-stems,  s,  while  for  the 
lower  pair,  spring  arrangements,  lodged  in  boxes  of  the  housings, 
form  the  regulating  mechanism.  They  also  serve,  as  before  stated,  to 
prevent  accidental  breaking  of  parts  of  the  machinery,  in  case  pieces 
of  metal  or  unusually  hard  rock,  mixed  with  the  material,  pass  into 
the  rolls.  The  machinery  is  set  in  motion  by  means  of  tiie  belt,  6, 
running  over  pulleys,  P,  P\  P^,  and  cogwheels  and  idlers  transmit 
the  motion  from  one  roll  to  the  other.  A  heavy  flywheel,  keyed 
upon  the  shaft  of  the  rear  middle  roll,  regulates  the  speed  and  work- 
ing of  the  apparatus.  The  regular  feeding  of  the  material  into  the 
rolls  is  of  the  greatest  importance,  as  the  quantity  and  quality  of  work 
done  depend  on  it.  To  insure  this,  an  automatic  feeding  device, 
similar  to  the  one  described  above,  is  adapted  to  each  pair  of  rolls. 
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The  speed  of  the  feeding  apparatus  is  controlled  by  the  rate  of  mo- 
tion of  the  rolls.  The  upper  screen, C,  receiving  the  full  charge  out 
of  the  bin,B,  has  spaces  of  from  3  to  4  inches  between  its  bars,  c, 
according  to  the  mixture  and  nature  of  the  coal.  Pieces  of  smaller 
size  than  the  meshes  will  pass  through  and  fall  upon  the  screen,  C\ 
The  latter  has  meshes  of  1.5  to  2  inches,  which  permits  all  smaller 
fragments  to  pass  throngh  to  the  lower  screen,  C\  The  space  be- 
tween the  bars  of  the  lower  screen  is  regulated  by  the  size  required, 
say  about  0.4375  of  an  inch.  Particles  below  that  size  pass  directly 
to  the  elevator-buckets.  The  material  retained  upon  each  screen  is 
forwarded  into  the  corresponding  rolls.  The  rolls  are  4  feet  long,  and 
are  respectively  20,  18,  and  16  inches  in  diameter.  With  a  uniform 
and  continuous  feeding,  the  capacity  of  the  machine  may  be  estimated 
at  about  450  tons  for  a  day  of  ten  hours,  requiring  from  12  to  15 
horse-power  for  its  working. 

Both  the  4-  and  6-roll  apparatus  are  in  use  at  the  Colorado  Coal 
and  Iron  Company's  plant,  at  El  Moro,  Colorado,*  for  the  reduction 
of  the  run  of  the  mine,  previous  to  its  manufacture  into  coke. 

2.  Separating  or  Washing  Machines. 

The  operation  of  separating  foreign  matters  or  impurities  from 
ore,  coal,  etc.,  is  called  respectively  ore  or  coal  washing,  while  the 
term  separating  would  be  more  appropriate.  The  principle  upon 
which- the  action  of  all  coal  washing  appliances  is  based  depends  on 
the  difference  between  the  density  of  the  coal  itself  and  that  of  the 
accompanying  foreign  matters.  In  all  of  them  the  separation  is 
effected  either  by  a  fall  through  water,  or  by  the  action  of  an  upward 
current  of  water  carrying  tiie  material  with  it.  Great  difficulties  are 
met  with  in  applying  this  principle,  since  the  material  to  be  treated 
is  often  very  uneven  as  to  quality,  and  composed  of  pieces  of  differ- 
ent shapes  and  sizes.  Neither  by  preliminary  screening,  since  each 
class  of  the  riddled  material  always  includes  sizes  smaller  than  the 
mesh  of  the  riddle  through  which  it  has  passed,  nor  by  crushing  the 
material  to  small  pieces,  can  these  difficulties  be  entirely  overcome. 
It  will  thus  be  seen  that  the  problem  of  coal  washing  is  an  extremely 
complicated  one.  The  importance  and  complication  of  the  subject 
may  explain  why  so  many  efforts  have  been  made  during  the  last 
twenty  years  to  arrive  at  an  efficient  solution,  and  why  so  great  a 
number  of  contrivances  have  been  designed  and  put  to  work.  Coal 
washing  is  an  operation  which  does  not  admit  of  any  definite  rules, 

*  A  vertical  section  of  the  buildinir  and  arranicement  is  shown  in  Plate  X. 


COAL   WASHING.  469 

capable  of  general  application.  It  is  always  subjected  to  variations, 
depending  upon  the  coal-mines  themselves,  the  locality  in  which 
they  are  situated,  and  the  commercial  conditions  affecting  them. 
For  this  reason  it  cannot  be  expected  that  the  same  arrangement  of 
machinery  can  prove  perfectly  satisfactory  in  all  cases. 

Accordino;  to  Rittin^rer  *  who  so  fullv  investi<T^ated  the  mechanical 
dressing  of  ores,  spherical  pieces,  or  grains  of  any  substance,  having 
different  diameters  and  different  densities,  if  allowed  to  fall  through 
still  water,  severally  acquire,  in  an  exceedingly  short  space  of  time, 
a  limiting  velocity  of  descent,  wdiich  thenceforth  continues  uniform 
for  each  separate  piece.  This  limiting  velocity,  in  meters  a  second 
is  represented  by  the  formula 


5.11   i/  D  [d—  I), 

where  D  is  the  diameter,  in  meters,  of  the  piece  under  consideration, 
and  d  its  density  (the  density  of  water  being  taken  as  unity).  For 
irregularly  shaped  pieces,  reduced  to  an  average  diameter,  the  coeffi- 
cient 5.11  in  the  above  formula  changes  as  follows: 

For  rounded  fragments,  .         .         .         .         .         .         .         .3.20 

"     flattened  <« 2.35 

"    elongated        " 2.65 

If,  for  a  more  practical  application  of  the  formula,  in  place  of 
the  average  diameter,  as  above,  an  assumed  diameter  of  the  pieces, 
measured  by  the  diameter  of  the  holes  in  the  riddle  through  which 
they  have  passed,  is  substituted,  the  coefficients  then  become : 

For  rounded  pieces,  .         .         .         .         .         .         .         .     2  73 

"    flattened       "  1  92 

"    elongated    "  2.37 

Rittinger,  assuming  further  that  the  material  to  be  dealt  with  in 
coal  washing  ordinarily  contains  fragments  in  the  proportion  of  one 
flattened  and  one  elongated  to  two  rounded,  deduced  from  his  calcu- 
lations and  experiments  the  following  ultimate  empirical  formula; 

2.44  y'  1)  [d — 1)  =  velocity  in  meters  a  second, 

Z)  being  the  diameter  in  meters  of  the  holes  in  the  riddle;  or, 

1.28  ]/  D  [d — 1)  =  A-elocity  in  feet  a  second, 

D  being  the  diameter  of  the  holes  in  the  riddle,  expressed  in  inches. 

*  Lehrbuch  der  Anfbereituniiskunde. 
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These  formulas  give  the  mean  uniform  velocity  of  irregular-shaped 
pieces  of  any  substance,  particularly  coal,  when  falling  through  still 
water,  and  not  affected  by  any  disturbing  influence. 

The  following  table,  calculated  from  the  above  formulas,  shows  the 
limiting  velocities  of  the  different  substances  composing  the  material 
to  be  washed.  It  affords  a  guide  for  the  arrangement  of  the  riddles 
for  classifying  dry  coal  for  future  separation.  The  average  densities  of 
pure  coal,  and  the  impurities  associated  with  it,  are  taken  as  given 
in  the  table : 


Material  in 

pieces  of  difl'er- 

ent  shapes. 

Density. 

LIMITING 

VELOCITY  OF  FALL  IN  METERS  A 

SECOND 

Diameter  of  holes  in  the  riddle. 

d. 

(d-1). 

40  mm. 

30  mm. 

20  mm. 

13  mm. 

3^" 

10  mm. 

7  mm. 

5  mm. 

3  " 

4  mm. 

Coal 

1.3 

0.3 

0.267 

0.231 

0.189 

0.152 

0.134 

0.112 

0.095 

0.084 

Bone  coal 

1.6 

0.6 

0.378 

0.327 

0.267 

0.215 

0.189 

0.158 

0.133 

0.119 

Slate  

2.2 

1.2 

0.535 

0.463 

0.378 

0.304 

0.267 

0.223 

0.188 

0.168 

Coal  or  slate  \ 
with  pyrites,  j 

3.2 

2.2 

('.722 

0.627 

0.510 

0.412 

0.350 

0.324 

0.254 

0.229 

Pyrites 

5.0 

4.0 

0.976 

0.844 

0.691 

0.556 

0.488 

0.407 

0.344 

0.307 

If  a  mixture  of  coal,  slate,  etc.,  is  subjected  to  the  action  of  an 
ascending  current  of  water,  the  following  conditions  may  occur: 

].-  The  speed  of  the  upward  current  may  be  exactly  equal  to  the 
limiting  velocity  of  fall  of  the  pieces  of  coal,  or  other  substances, 
through  still  water,  in  which  case  the  corresponding  fragments  will 
remain  stationary. 

2.  The  speed  of  the  current  may  be  greater  than  the  limiting 
velocity,  and  in  this  case  the  fragments  will  rise  with  a  velocity  equal 
to  the  difference. 

3.  The  speed  of  the  current  may  be  less  than  the  limiting  velocity 
of  the  pieces,  and  in  such  case  the  latter  will  fall  with  a  velocity  also 
equal  to  the  difference. 

In  all  cases  the  velocity  of  the  upward  current  in  the  washer  must 
be  proportioned  to  the  size  of  the  material  treated,  and  this  velocity 
should  neither  exceed  nor  fall  short  of  certain  limits.  A  current  too 
strong  will  interfere  with  the  classification,  while  a  velocity  of  stream 
inferior  to  the  velocity  of  the  larger  or  denser  fragments  of  coal  will 
be  incapable  of  separating  the  latter  from  the  surrounding  pieces  of 
slate.  It  is  also  necessary  that  the  upward  current  be  uniform 
throughout  the  whole  of  the  mass  of  material,  since  differences  of 
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velocity  at  particular  points  will  produce  unequal  displacement  of 
pieces,  which  otherwise  would  fall  with  equal  velocity. 

When  the  coal  to  be  treated  is  exposed  to  an  upward  current  of 
water,  or  is  allowed  to  fall  freely  through  still  water,  it  is  evident 
that  the  particles  do  not  have  the  freedom  of  motion  they  would  have 
if  they  were  isolated  from  each  other.  But  any  interference  which 
may  be  occasioned  in  the  process  by  the  pieces  coming  in  contact 
with  one  another  may  be  obviated  by  allowing  sufficient  time  and 
space  for  the  process  to  take  place.  It  is  of  great  advantage  to  have 
the  lifting  of  the  material  by  an  upward  current  of  an  intermittent 
character,  inasmuch  as  flattened  or  elongated  pieces  are  thereby 
aftbrded  repeated  opportunities  of  changing  their  positions,  and 
thus  acquiring  velocities  more  favorable  to  a  classification  according 
to  density,  than  would  be  the  case  if  the  motion  were  continuous. 

Considering  the  washers  most  in  use  in  regard  to  their  mode  of 
action  and  results,  we  may  bring  them  into  the  following  classes: 

1.  Machines  in  wdiich  the  water  absolutely  filters  through  the  coal 
to  be  w^ashed.  This  is  the  case  in  the  old  piston,  or  Harz,  jigger,  in  its 
different  forms,  whether  worked  by  machinery  or  by  hand.  In  this 
kind  of  machines  the  filtering  action  comes  fully  in  play.  Slack  of 
inferior  and  poor  quality  may  be  treated  in  such  machines,  since  the 
accessory  action,  caused  by  the  back  suction,  is  brought  to  bear  upon 
the  fine  particles  of  impurities  forming  the  slimes.  In  some  cases  even 
good  results  may  be  obtained,  but  this  class  of  machines  are  entirely 
impracticable  for  the  washing  of  rich  slack.  The  loss  of  fine  coal, 
which  passes  through  the  meshes  of  the  sieve  into  the  slimes,  is  con- 
siderable, and  makes  the  apparatus  wasteful.  Attempts  have  been 
made  to  obviate  this  objection  by  leaving  on  the  sieve  of  the  washer 
a  permanent  layer  of  shale  or  gravel.  A  better  and  more  effective 
remedy  consists  in  the  use  of  a  sieve  of  very  close  mesh  ;  the  lifting 
action  of  the  water  is  thus  rendered  more  regular,  and  the  loss  of 
fine  coal  is  somewhat  diminished.  These  improvements,  however, 
are  carried  out  at  the  expense  of  the  driving-power  required  for  the 
working  of  the  machine. 

2.  Machines  in  which  the  filtration  of  the  w^ater  through  the 
material  is  either  entirely  or  partially  obviated,  and  in  which  a  con- 
tinuous or  intermittent  ascending  current  of  water  produces  the 
separation.  These  washers  possess  the  great  advantage  over  the 
former  class  of  machines  that  they  effect  a  more  complete  separation, 
and  that  the  loss  of  fine  coal  is  reduced  to  a  minimum.  They  also 
require  far  less  driving-power  for  their  working.     Great   improve- 
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merits  have  been  made  in  the  arrangements  of  some  of  these  washers 
both  in  regard  to  the  quantity  of  washed  coal  produced  and  to  the 
economy  of  attendance.  But  here  I  may  state  that,  at  some  places, 
the  free  delivery  or  overflow  of  the  washed  coal  is  the  source  of  the 
greatest  trouble,  when  the  machine  is  pushed  and  made  to  deliver 
more  coal  than  can  be  properly  washed  ;  the  discharge  at  the  overflow 
being  controlled  by  the  quantity  of  water  let  into  the  machine.  Some 
machines  are  forced  to  turn  out  double  the  amount  they  are  intended 
to  do,  and  the  consequence  is  that  the  coal  is  badly  washed.  A  cer- 
tain length  of  time  is  absolutely  necessary  in  order  to  obtain  a  good 
cleaning,  and  the  quantity  of  washed  coal  has  a  direct  and  invari- 
able relation  to  the  surface  of  the  sieve  of  the  washer. 

The  separators  represented  on  Plates  IV  and  V  belong  to  the 
latter  class,  an  intermittent  ascending  current  of  water  being  forced 
through  the  material.  Two  wooden  boxes,  A  and  B,  strongly  bolted 
together  by  tie-rods  and  flat  iron  bands,  contain  respectively  the 
sieve,  S,  and  the  plunger,  P.  The  water  is  taken  into  the  machine 
by  the  pipe,  g^  and  the  current  is  produced  by  means  of  the  plunger, 
P,  and  a  differential  cam,  C.  Its  action  may  be  easily  regulated  to 
suit  the  size  of  any  substance.  In  the  apparatus  of  Plate  IV  the 
yoke  of  the  cam,  C,  is  connected  with  the  plunger-rod  by  a  swivelled 
screw-nut,  and  can  be  raised  or  lowered  according  to  the  current  re- 
quired. This  is  done  by  the  hand-wheel,  h,  while  in  the  machine  of 
Plate  V  the  stroke  is  regulated  by  the  thickness  of  the  block,  a, 
below  the  yoke,  y.  F  is  a  spring-buffer  to  limit  the  downward 
stroke  of  the  plunger,  and  vv  are  valves,  to  prevent  the  filtration  or 
back-suction  of  the  water.  The  object  of  the  arrangement  of  the 
curved  partition,  n,  is  to  direct  the  fresh  water  upwards  through 
the  sieve  and  the  layer  of  the  material,  and  to  prevent  its  being 
mixed  with  the  slimy  and  muddy  water  of  the  lower  portion  of  the 
box,  A.  Coal  is  brought  upon  the  sieve  from  the  bin,  J;  by  passing 
below  the  gate,  b.  At  each  fall  of  the  plunger,  P,  a  certain  volume 
of  fresh  water  is  driven  through  the  openings  of  the  valves,  vv,  into 
the  box.  A,  and  a  sudden  rise  of  the  water-level  and  the  layer  of 
material  is  thus  produced,  causing  an  equal  volume  of  water  to  flow 
over  the  bridge,  m,  into  the  channel,  c,  and  to  carry  with  it  an  amount 
of  pure  coal.  Before  leaving  the  washer,  the  mixture  of  water  and 
coal  passes  over  a  drying  sieve,  *,  leading  the  coal  to  the  elevator 
buckets,  while  the  water  goes  through  the  meshes  of  the  sieve  and 
flows  out  below.  By  their  greater  density,  the  pieces  of  slate, 
pyrites,  etc.,  form   the  layer  immediately  upon  the  sieve,  S,  and 
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being  forwarded  at  the  same  time  as  the  coal,  pass  through  the  valve, 
H,  into  the  slate-ohamber,  N.  The  inlet  of  the  slate  into  the  valve, 
H  can  be  regulated  by  the  lever,  d,  according  to  its  amount.  From 
the  chamber,  N,  the  impurities  are  removed  through  the  gate,  o, 
which  is  worked  by  the  lever,  /,  and  fall  into  the  trough,  t,  from 
which  they  are  carried  away  by  the  waste  water.  The  fine  particles 
of  slate,  etc.,  forming  the  slimes,  settle  below  the  partition,  n,  and  are 
discharged  by  the  valve,  k.  The  use  of  a  differential  cam  for  the 
working  of  the  plunger  allows  the  material,  after  each  stroke,  the 
necessary  time  to  deposit  according  to  its  density.  An  eccentric 
or  crank  cannot  produce  the  same  movement.  The  usual  size  of 
the  sieve  is  3  feet  by  4  feet  6  inches,  or  by  4  feet  9  inches;  hence  its 
surface  is  13.5  or  14.25  square  feet.  Washers  are  constructed  with 
one  or  more  sieves.  A  washer  with  two  sieves  of  the  above  dimen- 
sions can  prepare  from  200  to  300  tons  of  slack  in  a  day  of  ten 
hours.  The  amount  of  water  required  varies  from  12  to  25  gallons 
to  the  bushel  (76  pounds)  of  coal,  and  sometimes  even  more,  accord- 
ing to  the  percentage  and  nature  of  the  impurities  contained  in  the 
material.  In  the  apparatus  of  Plate  V  the  cam  movement  is  placed 
below  the  plunger.  It  makes  the  machinery  more  simple  and  re- 
quires less  height. 

In  Plate  VI  a  washer  for  coarse  material,  particularly  anthracite 
coal,  is  shown.  Its  construction  is  the  same  as  that  of  the  machine 
shown  in  Plate  V,  except  that  the  opening,  v,  is  not  provided  with 
valves,  the  filtering  action  of  the  water  being  made  use  of.  Fresh 
water  is  let  in  at  w  ;  the  working  of  the  washer  is  the  same  as  that 
before  described,  and  needs  no  further  explanation. 

Two  washers,  different  from  the  former  ones  in  their  construction 
and  working,  are  represented  on  Plates  VII  and  VI 11.  They 
belong  to  the  first  class  and  are  old  in  principle.  The  details, 
hc)wever,  have  been  greatly  improved,  and  serious  objections  have 
been  removed,  making  the  apparatus  profitable  and  economical.  In 
the  first  place,  the  piston,  P,  occupies  only  a  part  of  the  space  below 
the  sieve,  instead  of  the  entire  area  as  heretofore.  A  part  of  the  lat- 
ter, on  the  side  towards  the  overflow,  m,  is  reserved  for  the  removal 
of  the  fine  sediments  of  slate,  etc.,  which  fall  through  the  sieve.  In 
the  old  machines  of  this  kind  the  greatest  objection  has  been  the 
clogging  up  of  the  piston  by  the  slimes,  which  could  not  pass  below 
it.  This  objection  I  have  removed  by  arranging  a  passage,  a,  for 
the  slimes,  and  by  making  the  top  of  the  piston  concave  and  inclined 
toward  the  passage,  a.     Thus,  at  each  upward  movement  of  the 
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piston,  P,  a  current  is  produced,  in  the  direction  shown  by  the  arrows, 
carrying  the  fine  particles  with  it  into  the  lower  part  of  the  box,  A. 
Another  very  important  advantage  has  been  gained  by  the  sloped 
piston,  namely,  a  greater  acceleration  in  the  forwarding  of  the  mate- 
rial toward  the  discharge,  m,  particularly  as  to  the  impurities  upon 
the  sieve.  The  movement  given  to  the  piston  is  also  different  from 
that  in  former  machines.  By  means  of  the  rods,  r,  fixed  to  yokes,  y, 
and  the  cams,  C,  the  piston  receives  a  quick  upward  movement, 
while  its  down  movement  is  slow,  to  allow  time  for  the  lifted  ma- 
terial to  settle  according  to  gravity.  In  the  arrangement  of  Plate 
VIII,  the  cam-shaft,  s,  is  placed  below  the  piston.  The  latter  re- 
ceives its  motion  directly  from  the  cams,  C,  and  is  kept  in  position 
by  the  guide,  e.  Coal  being  taken  upon  the  sieve  in  the  same  man- 
ner as  before,  the  operation  of  the  apparatus  is  similar  to  that  of 
the  former  machines.  But  the  amount  of  water  required  for  its 
Avorking  is  very  considerable,  inasmuch  as  the  discharge  of  the  ma- 
terial is  effected  more  slowly,  and  depends  entirely  on  the  volume 
of  water  let  out  at  each  stroke  of  the  piston.  The  movement  of  the 
latter  being  directly  below  the  sieve,  no  forwarding  action  is  given 
to  the  water.  From  25  to  35  gallons  to  the  bushel  of  slack  are 
needed  to  do  the  same  work  as  above,  and,  where  water  is  scarce, 
these  washers  are  ineffective.  They  also  require  more  driving- 
power. 

3.  General  Arrangement  of  the  Machinery. 

The  arrangement  of  the  different  machines  of  a  coal  washing  plant 
depends  in  most  cases  on  local  conditions.  According  to  the  nature 
of  the  coal,  whether  bituminous  or  dry,  and  its  future  use,  the  ma- 
chinery may  have  to  deal  with  slack  coal,  or  with  slack  and  nut 
coal,  or  with  slack,  nut,  and  lump  coal,  that  is,  the  run  of  the 
mine.  If  the  coal  is  to  be  made  into  coke,  crushing  to  small  pieces 
is  necessary  and  of  great  advantage.  For  dry  coal,  however,  crush- 
ing must  be  limited  and  avoided  as  much  as  possible.  Classifying 
according  to  size,  previous  to  washing,  becomes  therefore  necessary. 

Thus,  the  machinery  may  consist  of  only  the  separator  with  its 
classifying  screens,  or  of  a  crusher  and  separator,  either  with  or  with- 
out classifying  screens.  But  in  all  these  cases  its  arrangement 
should  be  convenient  and  economical,  in  regard  to  the  handling  of 
the  material. 

Plate  IX  represents  a  vertical  section  of  a  washing  plant  for  slack 
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coal,    built  at  the    Rochester    Mine,   Clearfield  County,   Pennsyl- 
vania. 

The  machinery  consists  of  a  two-roll  crusher,  Plate  T,  and  a  sepa- 
rator, Plate  IV,  with  the  necessary  elevators,  no  classifying  being 
necessary.  K  is  the  large  screen  of  the  coal-shoot,  over  which  the 
mine-cars  are  dumped.  Lump  and  nut  coal  are  sent  to  market, 
while  the  slack  below  0.75  inch  in  size  passes  through  the  meshes  of 
the  screen  into  the  bin,  H,  and  by  means  of  the  elevator,  E,  is  taken 
up  and  delivered  upon  the  shoot,  c.  The  latter  is  formed  of  a 
screen  of  about  0.3125  inch  mesh,  to  let  the  particles  already  small 
enough  pass  directly  into  the  washer.  All  larger  pieces  go  to  the 
crusher,  C.  By  separating  the  fine  material  from  the  coarse,  the 
crusher  is  greatly  relieved  and  an  unnecessary  waste  of  power  pre- 
vented. The  separator,  S,  stands  directly  below  the  crusher,  and  has 
two  sieves  3  feet  by  4  feet  9  inches  in  size,  or  28.5  square  feet  of  sieve- 
surface.  From  the  washer  the  clean  coal  is  taken  up  by  the  elevator, 
F,  to  be  stored  in  bins,  G,  while  the  impurities,  which  fall  into  the 
trough,  ty  are  carried  off  by  the  waste  water.  A  lorry,  L,  holding 
from  150  to  160  bushels,  conveys  the  coal  to  the  ovens.  The  capa- 
city of  the  machinery  is  250  tons  for  a  day  of  ten  hours.  About  8 
per  cent,  of  impurities  are  washed  out.  A  pump,  making  from  30 
to  40  strokes  a  minute,  and  delivering  six  gallons  each  stroke, 
furnishes  all  the  water  for  the  washer,  coke-ovens,  and  boiler.  The 
cost  of  washing  the  coal  is  about  2.5  cents  a  ton.  The  building  is 
set  along  the  main  track  and  close  to  the  coal-shoot,  in  order  to 
save  all  unnecessary  handling.  It  is  37  feet  long  by  28  feet  wide, 
and  is  30  feet  high,  including  8  feet  of  wall  above  rail  and  below^ 
the  floor.  Two  coal-bins,  G,  14  by  12.5  feet  inside  and  15  feet  high, 
holding  about  70  tons  each,  complete  the  structure.  Owing  to  the 
unusual  height  betw^een  the  top  of  the  coke-ovens  and  the  slack-bin, 
H,  it  became  necessary  to  raise  the  floor  eight  feet,  an  equal  length 
of  the  elevators  and  a  better  working  thereof  having  thus  been 
assured. 

A  plant  with  breaking  and  crushing  machinery  for  the  run  of 
the  mine,  is  shown  on  Plate  X.  It  is  in  operation  at  the  Colo- 
rado Coal  and  Iron  Company's  coke  works,  at  El  Moro,  Colorado. 
The  arrangement  may  be  easily  understood  from  the  engraving.  R 
is  the  railroad  track,  connected  with  the  mine,  by  which  the  coal 
to  be  used  for  coking  is  brought  to  the  plant.  Scarcity  of  water  near 
the  mine  compelled  the  company  to  locate  the  coke  works  about 
four  miles  north  of  the  mine.     The  coal  is  dumped  into  the  bin,  B, 
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and  goes  first  through  the  breaking  and  crushing  machine,  C,  repre- 
sented on  a  larger  scale  in  Plate  III.  The  reduced  material  is  taken 
up  bv  the  elevator,  E,  to  be  emptied  into  the  hopper,  J,  feeding  the 
washer,  S.  From  the  latter  the  clean  coal  is  carried  off  by  the  ele- 
vator, F,  and  stored  in  bins,  G,  while  the  impurities,  dropping 
into  the  trough,  t,  are  swept  away  by  the  waste  water.  The  washer  is 
shown  more  fully  on  Plate  IV.  Cars,  L  L,  holding  about  45  bushels 
each,  carry  the  coal  to  the  ovens.  Owing  to  a  great  amount  of  bony 
coal,  the  Avashing  process  has  to  be  conducted  with  great  care. 
From  15  to  20  per  cent,  of  impurities  are  eliminated  on  an  average. 
Before  the  machinery  w^as  erected  the  coke  made  from  unwashed 
slack  contained  from  16  to  23  per  cent,  of  ash,  but  the  washing 
process  has  brought  the  ash  down  to  about  10  or  11  per  cent.,  and 
the  quality  of  coke  is  suitable  for  any  smelting  purpose.  The 
amount  of  water  required  may  be  estimated  at  from  20  to  25  gallons 
for  each  bushel  of  coal.  From  200  to  250  tons  of  coal  are  washed 
in  a  day  of  10  hours,  at  a  cost  of  3  or  4  cents  a  ton.  The  mode  of 
transmitting  power  to  the  different  pieces  of  apparatus  is  plainly 
shown  by  the  engraving,  and  needs  no  further  explanation.  The  main 
building  of  the  plant  measures  28  by  30  ^^Qiy  and  is  20  feet  high. 
The  crusher-room,  between  the  main  building  and  the  coal-bins, 
covers  an  area  of  15  by  22  feet.  In  front  of  the  main  building  are 
the  bins  for  the  washed  coal,  14  by  16  feet,  holding  about  65  tons 
each.  The  boiler-house  is  on  the  left  side,  looking  from  the  w^asher 
towards  the  crusher,  and  is  12  by  30  feet. 

The  first  set  of  the  washing  machinery  to  supply  100  ovens  with 
coal  was  started  in  August,  1879,  and  arrangements  were  made,  at 
that  time,  in  view  of  an  increase,  for  a  second  set  of  the  same  ma- 
chinery. This  was  built  at  the  beginning  of  last  year,  for  the  second 
100  ovens.  The  company  has  now  200  ovens  in  operation,  supplied 
with  washed  coal. 

Finally,  to  give  a  complete  idea  of  the  general  arrangement  of  a 
coal-washing  plant,  in  connection  with  coke-works,  Plate  XI  shows 
both  together.  They  were  erected  last  year  for  the  Penn  Gas  Coal 
Company,  Westmoreland  County,  Pennsylvania. 

Fig.  1  is  a  side  elevation  of  the  ovens,  seen  from  the  rear  of  the 
w^ashing  plant;  Fig.  2  is  a  top  view;  and  Fig.  3  a  cross-section, 
taken  in  the  line,  it\T,  of  Fig.  2. 

The  Penn  Gas  Coal  Company  has  four  mines  in  the  immediate 
neighborhood,  and  wanted  to  bring  the  slack  from  these  mines  to- 
gether to  one  establishment.    On  this  account,  the  building.  A,  of  the 
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washing  plant  was  erected  about  midway  of  the  ground,  at  a  distance 
of  55  feet  from  the  centre  of  the  main  track  of  the  railroad.  The 
ground  is  very  flat,  and  nearly  on  the  same  level  as  the  road.  For 
safety  in  case  of  high  water,  it  was  necessary  to  set  the  building 
upon  a  wall  8  feet  in  height.  The  capacity  of  the  machinery  is 
sufficient  to  supply  100  coke-ovens  with  coal,  and  arranged  so  as  to 
provide  for  an  increase  of  a  second  100  ovens,  if  necessary.  Of  this 
number  50  ovens,  O,  were  built  last  year.  They  are  12  feet  in 
diameter,  and  6  feet  6  inches  high,  set  in  double  line.  E  is  the 
slack-track  over  which  the  coal  is  brought  to  the  place  and  dumped 
into  the  bin,  B.  Owing  to  difficulties  of  drainage,  the  bin  could  not 
be  set  in  the  ground,  and  the  track  had  to  be  built  on  an  embank- 
ment, as  shown  in  Fig.  3.  D,  D,  are  yards  for  the  drawing  of  the 
coke,  and  F  the  tracks  for  the  coke  cars,  connected  with  the  main 
track.  From  the  bin,  B,  the  slack  is  conveyed  to  and  from  the 
machinery  in  the  same  way  as  shown  in  Plate  IX.  The  cleaned 
coal  reaches  the  bins,  C,  and  thence  is  taken  to  the  ovens.  The  50 
ovens, O',  to  complete  the  first  100,  have  not  yet  been  built.  The 
steam-engine  is  14  by  30  inches,  and  has  sufficient  power  to  drive  a 
second  set  of  machinery,  to  be  erected  in  an  additional  building, 
marked  by  dotted  lines.  Fig.  2.  H  is  the  boiler  house,  and  T  a 
tank  to  contain  water  for  the  quenching  of  the  coke  and  for  the 
washing  process.  The  distribution  of  the  ovens  on  both  sides  of 
the  washing  plant  greatly  facilitates  the  handling  of  the  washed 
coal,  the  hauling  being  short  and  economical.  Only  few  places 
allow  such  arrangement. 

Pittsburgh,  February  lOih,  1881. 


THE    CABBONIC  ACID   GAS   PBOCESS  AT    THE    KEULEY 

BUN  COLLIEBY  FIBE. 

BY  H.    M.    CHANCE,    M.D.,    PIIILADELPniA. 

The  failure  of  the  carbonic  acid  gas  method  at  the  Kehley  Run 
Colliery  has  given  rise  to  a  conviction  of  the  inefficiency  of  the  pro- 
cess ;  but  a  careful  survey  of  the  facts,  and  of  the  conditions  under 
which  it  was  tried,  will  show  that  a  fair  trial  of  the  method  was  not 
and  could  not  be  made  at  this  colliery ;  its  failure  in  this  particular 
instance  therefore,  should  not  be  held  as  evidence  against  the  process. 
In  itself,  the  method  seems  to  be  theoretically  perfect,  but  in  prac- 
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tice  several  conditions  are  essential  to  its  snccessful  use ;  if  these  are 
not  satisfied,  a  successful  result  cannot  be  expected. 

In  1S71  the  carbonic  acid  method  was  unsuccessfully  employed  by 
the  Lehigh  Coal  and  Navigation  Company  at  its  No.  6  colliery. 
Of  the  conditions  under  which  this  trial  was  made,  I  have  no  data. 

In  1874  a  fire  at  the  Wynnstay  Colliery,  Ruabon  (England),  was 
successfully  fought  by  carbonic  acid  generated  by  the  action  of 
chlorhydric  acid  upon  limestone.  The  method  is  described  in  a 
paper  read  before  the  Iron  and  Steel  Institute  by  Mr.  George 
Thompson. 

Other  trials  are  recorded  in  the  North  of  England  Institute  Trans- 
actions and  other  publications,  but  I  have  not  been  able  to  give  the 
time  necessary  to  the  compilation  of  the  records. 

When  first  discovered,  the  Kehley  Run  fire  was  probably  confined 
to  two  old  breasts  (Nos.  8  and  9)  on  the  first  lift.  These  breasts  had 
been  abandoned  for  many  years,  and  little  was  known  of  their  con- 
dition. Although  the  mammoth  bed  is  about  fifty  feet  thick  from 
floor  to  roof,  not  more  than  from  eight  to  twelve  feet  of  this  had 
been  mined  from  these  workings;  there  was,  therefore,  a  large 
amount  of  coal,  exclusive  of  that  left  in  the  pillars,  still  remaining 
in  this  part  of  the  mine.  The  fire  may  have  originated  in  the  gob, 
of  which  there  was  j^robably  a  large  quantity  in  each  breast;  but 
its  cause  is  not  known.  An  almost  continous  line  of  crop-falls 
marked  the  site  of  the  workings,  and,  shortly  after  the  fire  was  dis- 
covered, these  were  greatly  enlarged  by  additional  falls. 

The  gas  with  which  it  was  proposed  to  extinguish  the  fire  was 
generated  by  a  square  brick  furnace,  open  at  the  top,  but  hermetically 
closed  in  beneath  the  grate-bars.  A  9-inch  pipe  was  carried  into 
the  furnace  beneath  the  bars,  to  carry  off  the  gas.  Anthracite  coal 
and  charcoal  were  alternately  used  as  fuel,  and  a  small  quantity  of 
lime  (5  per  cent.)  added  from  time  to  time.  The  contractors  stated 
that  the  lime  was  used  to  ^'prevent  the  generation  of  carbonic  oxide.^' 
The  fire  was  usually  kept  from  six  to  twelve  inches  deep. 

The  9-inch  delivery-pipe  was  water- jacketed  for  a  distance  of 
about  twenty  feet,  to  reduce  the  temperature  of  the  gas.  The  gas 
was  taken  from  this  9-inch  pipe  by  four  3-inch  distributing- pipes, 
to  each  of  which  was  attached  a  steam  siphon  injector,  supplied 
with  steam  at  sixty  pounds  pressure.  It  was  claimed  that  these  in- 
jectors would  exhaust  from  the  furnace  and  discharge  into  the  mine 
about  1500  cubic  feet  of  gas  per  minute.  Spray  jets  were  introduced 
into  the  delivery-pipes  a  short  distance  beyond  the  injectors,  to  effect 
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a  further  cooling  of  the  gas.  Three  of  the  delivery-pipes  were 
driven  down  through  the  crop-fall  debris  directly  into  one  of  the 
breasts,  and  the  fourth  was  connected  with  a  diamond-drill  hole, 
opening  into  the  lower  part  of  the  same  working. 

Attempts  to  make  the  crop-falls  air-tight  by  filling  them  with  de- 
composed outcrop  coal  dust  and  earth  were  only  partially  successful. 
The  crop-falls  were  so  large  and  numerous  that  an  enormous  quan- 
tity of  gas  constantly  leaked  through  the  material  with  which  they 
had  been  filled,  and  as  the  ground  surrounding  and  covering  the  site 
of  the  fire  was  constantly  settling,  fissures  were  probably  produced, 
allowing  a  free  escape  of  gas  and  influx  of  air.  At  no  time  could 
the  mine  be  considered  air-tight.  The  temperature  of  the  gases 
thrown  into  the  mine  was  certainly  at  times  very  high,  and  rarely 
if  ever  fell  below  100°  F.  Before  the  spray  jets  were  introduced, 
the  temperature  was  certainly  above  the  boiling-point  of  water. 

It  is  extremely  doubtful  whether  the  furnace  was  producing  a 
mixture  of  carbonic  acid  and  nitrogen  free  from  carbonic  oxide;  on 
this  point  there  seems  to  be  considerable  diversity  of  opinion. 

The  conditions  essential  to  the  successful  use  of  this  method  may 
be  grouped  under  two  heads :  Those  relating  to  the  mine,  and  those 
governing  the  gas  supply. 

1st.  The  mine,  or  that  portion  on  fire,  must  be  rendered  approxi- 
mately air-tight;  and  the  supply  of  gas  must  be  largely  in  excess 
of  the  capacity  of  the  leaks. 

2d.  a.  The  production  of  carbonic  oxide  by  the  generating  fur- 
nace must  be  prevented. 

6.  The  temperature  of  the  injected  gas  should  be  moderate  (70°- 
100°  F.). 

c.  After  combustion  has  ceased,  sufficient  time  must  be  given  to 
insure  a  thorough  cooling  of  the  mine ;  and  during  this  period,  the 
supply  of  gas  must  not  be  appreciably  diminished. 

It  cannot  be  asserted  that  any  one  of  these  conditions  was  satisfied 
at  the  Kehley  Run  fire;  and  it  does  not  seem  just  that  the  method 
should  be  condemned  because  of  its  failure  in  this  particular  in- 
stance. 

Its  advantages  over  other  methods  of  dealing  with  mine-fires  are 
too  evident  to  need  further  comment,  and  to  these  very  advantages 
may  be  attributed  the  disfavor  into  which  it  has  fallen.  They  have 
induced  engineers  to  use  it  in  cases  to  which  it  is  ill-adapted, 
namely,  at  mines  which  could  not  be  rendered  even  approximately 
air-tight. 
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THE  WIIITWELL   FIREBEICK  HOT-BLAST  STOVE,  AND 
ITS  BEGENT  IMPROVEMENTS. 

BY  F.  W.  GORDON,  PITTSBURGH,  PA. 

The  Whitwell  firebrick  hot-blast  stove,  for  furnace  use,  may  be 
seen  in  its  three  main  stages  of  development  in  the  accompanying 
drawings.  Fig.  1  is  the  stove  of  1869,  the  year  in  which  it  was 
thoroughly  tested  at  the  Consett  furnaces,  England ;  Fig.  2,  the 
stove  of  1876  and  1877,  in  which  it  was  intended  to  reduce  the  cost 
by  increasing  the  height;  Fig.  3,  the  stove  of  1880.  Many  modifi- 
cations were  made  from  time  to  time,  generally  in  the  direction  of 
improveaient,  but  the  drawings  illustrate  the  main  features  of 
progress. 

In  the  stove  of  1869  the  plan  was  to  introduce  the  gas  at  A, 
and  pass  it  up  and  down  between  each  alternate  wall,  the  air  in 
the  reverse  direction,  passing  in  atB.  The  friction  in  this  stove  was 
so  great,  owing  to  the  restricted  area  of  the  passages  and  the  many 
reversals  of  the  gaseous  current,  that  it  was  deemed  imprudent  to 
build  the  stoves  higher  than  28'  Q" .  Another  reason  was  that  the 
great  importance  of  cleaning  was  carefully  kept  in  view,  and  it  was 
very  difficult  to  operate  any  hand  scraper  even  to  this  depth.  For 
these  reasons  the  22'  X  28J'  stove  held  the  field  for  several  years. 
A  slight  change  made  from  this  was  to  the  18'  X  40'  stove,  where 
the  height  was  increased,  but  the  number  of  walls  diminished.  In 
this  stove  the  friction  was  somewhat  reduced,  but  so  was  the  heating 
surface,  and  although  it  cost  a  little  less  it  was  not  any  better. 

The  next  important  change,  seen  in  Fig.  2,  was  by  increasing 
the  height  to  60  feet  and  keeping  the  full  number  of  walls  in  the 
stove.  The  heating  surface  and  mass  were  much  increased  in  propor- 
tion to  the  cost,  and  the  friction  decreased  by  alternating  over  and 
under  two  or  more  walls,  instead  of  one,  as  formerly.  This  stove 
gave  admirable  satisfaction,  but,  although  the  proper  doors  were  pro- 
vided, it  was  very  difficult  to  clean,  owing  to  the  long  distance  the 
scrapers  had  to  traverse. 

Stove  No.  3  is  a  modification  of  No.  2.  The  great  question 
was  how  to  decrease  the  cost  without  impairing  in  any  way  the 
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efficiency  or  durability  of  the  stove?  In  this  plan  the  gas  passes  up 
and  down  the  stove  twice,  as  does  the  blast,  but  in  the  reverse 
direction.  Thus  we  have  very  far  departed  from  the  1869  stove, 
where  the  ups  and  downs  were  five  in  number.  The  number 
of  walls  traversed  in  this  case  are  five,  while  the  cross  or  stay-walls 
are  eleven,  instead  of  three,  as  formerly.  We  have  thus  increased 
the  area  of  surface  very  greatly,  while  the  friction  of  the  total  stove 
has  not  been  increased,  since  the  speed  of  the  currents  has  been 
much  diminished  by  increasing  the  aggregate  area  of  tiie  passages. 

It  is  a  matter  of  much  importance  to  have  this  properly  propor- 
tioned, as  it  insures: 

1st.  The  utilization  of  every  foot  of  surface  exposed. 

2d.  The  prolonged  use  of  the  stove  without  cleaning. 

3d.  The  forcible  contact  of  the  air  with  every  heated  brick,  and, 

4th.  The  thorough  mixture  of  the  gas  and  air  while  heating  the 
stove,  causing  the  most  perfect  combustion. 

If  the  area  for  the  passage  of  a  limited  amount  of  gas  or  air  were 
indefinitely  increased  the  surface  exposed  would  be  but  partly  util- 
ized. We  consider  that  an  area  so  great  that  the  currents  are  much 
below  ten  miles  an  hour  too  great  to  be  wholly  effective.  This  cur- 
rent, ordinarily  called  a  "fresh  breeze,'^  will  prevent  the  deposit  of 
the  light  flocculent  material  on  the  walls,  so  highly  detrimental  to 
the  heating  powTr  of  the  stove.  Only  heavy  solid  matter  will  col- 
lect, which  must  be  scraped  off.  To  this  end  we  provide  a  swivel  crane, 
pivoted  in  the  centre  of  the  stove  top.  The  carriage  of  this  crane  can 
be  made  to  operate  the  chain  directly  over  any  of  the  heating  pas- 
sages. To  this  chain  is  attached  a  heavy  weighted  scraper,  counter- 
balanced on  the  other  end  of  the  crane  beams.  The  scraper  can  be 
rapidly  run  up  and  down  the  walls  even  while  quite  hot.  In  fact 
the  stove  can  be  taken  off'  blast,  and  the  work  of  cleaning  imme- 
diately commenced.  The  chimney  damper  being  left  slightly  open, 
all  heat  will  be  drawn  away  from  the  men  at  work. 

The  speed  of  gas  consequent  on  thus  limiting  the  area  of  the  pas- 
sages does  not  present  any  difficulty  in  the  matter  of  draft.  A  chimney 
with  a  head  of  draft  equal  to  1  inch  of  water  is  all  that  is  necessary, 
and  150' to  175'  in  height  is  ample.  The  entire  friction  of  the  stove, 
when  on  gas  for  normal  duty,  does  not  exceed  ^  inch  of  water;  in- 
deed the  friction  of  the  blast,  from  one  end  to  the  other,  is  only  J  of 
an  inch,  the  valve  friction  not  being  taken  into  consideration. 

You  will  observe  that,  though  slightly  modified,  the  air-channels 
for  heating  the  oxidizing  air  are  in  the  main  the  same  as  in  the  older 

VOL.  IX. — 31 


482  WHITWELL   FIREBRICK    HOT-BLAST   STOVE. 

stove.  The  bricks  being  fully  heated,  the  air  in  passing  through 
the  channels  takes  up  an  amount  of  heat  which  very  materially  aids 
the  combustion.  We  might  here  say,  that  as  blast-furnace  gas  is 
necessarily  much  reduced  in  combustibility,  by  an  admixture  of  from 
14  to  15  per  cent,  of  CO.^,  it  is  desirable  to  use  all  means  to  effect  a 
thorough  combustion.  These  channels  in  the  wall  may  be  objected 
to  as  ineffective  after  the  first  few  moments,  but  the  work  of  any 
continuous  regenerative  furnace  will  fully  demonstrate  that  a  very 
great  amount  of  heat  can  be  taken  up  by  air  having  a  brick  partition 
between  it  and  the  flame.  We  always  insure  a  sufficient  strength  in 
the  walls  after  the  passages  are  deducted,  and  these  openings  are  not, 
therefore,  detrimental  to  the  strength  of  the  stove.  Another  means 
lately  introduced  to  aid  the  combustion  of  the  gas  is  to  introduce  a 
jet  of  heated  air  from  the  stove  then  on  blast,  admitting  this  blast 
through  a  number  of  small  tuyeres,  placed  in  the  bottom  of  the  com- 
bustion-chamber.    This  we  have  found  amazingly  effective. 

In  the  '^  ideal  working  '^  of  the  blast  furnace,  where  all  the  carbon 
is  burned  at  the  tuyeres  to  CO,  and  all  reduction  is  effected  by  the 
oxygen  of  the  ore  burning  this  gas  to  CO.^,  5.7  pounds  of  air  will  be 
required  for  each  pound  of  carbon  charged.  In  this  case  (were  it 
possible)  a  good  grade  of  ore  could  be  smelted  v/ith  .506  pound  of 
carbon  to  the  pound  of  iron,  actual  reduction  requiring  by  the  above 
assumed  process  .312  pound  of  carbon,  and  .312  X  8080  =  2521 
calories.  The  portion  of  this  heat  at  the  tuyeres  is  .312  X  2473  = 
771.57  calories  (C  to  CO),  and  .312  X  5607  =  1749.38  in  zone  of  re- 
duction (the  CO  to  COj.  The  total  calories  required,  independent  of 
the  heat  from  the  blast,  being  about  3000,  there  is  further  required  in 
the  zone  of  combustion,  479  calories,  which  require  .194  pound  carbon, 
burned  to  CO.  This  latter  passes  away  in  that  condition.  The  total 
carbon,  therefore,  consumed  from  the  fuel  is  .312  +  .194  =  .506 
pound,  which  multiplied  by  5.7  pounds  gives  2.884  pounds  of  air  to 
the  pound  of  iron.  This  measure  of  economy  need  not  be  expected 
to  be  reached  until  our  present  mode  of  reduction  can  be  entirely 
changed.  It  is  however  the  smallest  amount  of  air  possible  for  a  50  per 
cent,  ore,  using  25  per  cent,  of  lime.  By  the  aid  of  the  Whit  well 
hotblast  this  same  quality  of  ore  has  been  through  a  year's  work 
reduced  with  .819  pounds  of  carbon  to  the  pound  of  iron,  which 
required  3.75  pounds  of  air;  the  proportion  of  CO  to  CO2  being 
much  smaller  than  in  the  case  assumed.  Where,  however,  an  ordi- 
nary economy  of  product  with  high  heats  is  attained,  say  1  pound 
of  carbon  (1.15  pounds  of  coke),  to  the  pound  of  iron,  the  weight  of 
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air  would  scarcely  exceed  4.5  pounds.  For  practice,  however,  in 
figuring  the  heating  surface  of  the  stoves,  we  assume  5J  pounds  of 
air  to  tiie  pound  of  iron,  and  as  the  air  at  ordinary  atniosj)heric 
temperatures  weighs  .076  pounds  per  cubic  foot,  72  cubic  feet  of  air  are 
required  to  make  1  pound  of  iron;  or,  allowing  23  hours'  blowing 
for  a  day's  work,  117  cubic  feet  of  air  per  minute  are  required  for 
1  ton  of  iron  per  day.  From  actual  tests  we  know  that  5  square 
feet  of  surface  in  the  plant  of  stoves  is  sufficient  for  1  cubic  foot  of 
air  per  minute,  but  allowing  20  per  cent,  loss  in  engines,  etc.  (a  fair 
allowance  where  machinery  is  good),  4  feet  of  surface  may  be  pro- 
vided in  the  stoves  to  1  of  air  per  minute,  counting  piston  displace- 
ment. The  surface,  therefore,  required  when  good  ores  are  to  be 
smelted,  will  be  117  X  5  =  585  square  feet  per  ton  of  iron  per  day. 
We  must  here  call  attention  to  a  matter  of  some  importance,  with 
regard  to  the  Whjtwell  stoves.  If  the  stoves  are  to  be  placed  at  an 
old  furnace,  an  increased  output  may  be  assumed  of  70  to  100  per 
cent.  The  only  instances  in  which  this  has  not  been  the  case  is 
where  stoves  of  insufficient  capacity  have  been  put  up.  Where 
ordinary  cast-iron  pipe  stoves  have  made  a  product  with  certain 
ores  and  fuel,  and  it  is  proposed  to  erect  a  furnace  with  AYhit- 
well  stoves,  they  must  be  built  with  a  view  to  this  increased  out- 
put. Thus  we  expect  for  a  15-foot  coke  furnace  100  tons  of  iron  per 
day,  or  if  the  ores  are  especially  good  a  make  of  115  tons  can  be 
reached,  and  where  the  ores  are  lean  and  silicious  75  tons  is  all  that 
can  be  expected.  We  wish  to  have  it  well  borne  in  mind  that  the 
leaner  the  ore  the  more  air  per  ton  is  required,  and  vice  versa,  and 
it  would  be  approximately  correct  to  calculate  the  size  of  the 
stoves  based  upon  the  amount  of  ore  used.  Or  the  following  method 
may  be  used,  which  avoids  the  extremes  of  basing  the  size  of  the 
stoves  upon  the  air  per  minute  with  the  assumption  of  a  fixed  quan- 
tity per  pound,  and  the  percentages  of  the  ores.  Multiply  the 
number  of  pounds  of  ore  required  per  pound  of  iron  by  190,  and 
add  the  constant  220.  This  will  equal  the  total  stove  heating  sur- 
face per  ton  of  iron  per  24  hours.  This,  again,  depends  upon  the 
cubical  contents  of  the  blast  furnace,  since,  ordinarily,  the  leaner 
the  ores  the  less  the  product ;  and  as  the  leaner  ores  require  the 
greater  amount  of  air  per  unit  of  iron,  therefore  the  greater  amount 
of  heating  surface  is  required.  The  American  coke  practice  with 
high  heats  has  reached  the  production  of  1  ton  of  iron  per  24  hours 
to  90  cubic  feet  of  furnace  contents  with  60  per  cent.  ores.  Then,  as 
above,  190  X  If  tons  of  ore  to  ton  of  iron  =  317  +  220  =  537, 
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which  divided  by  90  =  6,  nearly.  \ye  use  6.5  as  a  multiplier;  that 
is,  we  multiply  the  cubical  contents  of  the  furnace  by  6J  to  obtain 
the  heating  surface  of  the  stoves,  and  this  result  will  be  nearly  cor- 
rect for  any  character  of  ore.  For  small  furnaces  this  had  better  be 
somewhat  increased,  and  for  larger  ones  it  may  be  slightly  decreased, 
since  small  furnaces  are  greater  producers  per  unit  of  contents. 
We  have  thus  a  "rule  of  thumb"  for  calculating  the  stove  surface 
required. 

Let  us  here  call  attention  to  a  bad  practice  of  comparing  furnaces 
by  the  height  and  the  diameter  of  the  bosh.  With  these  two  meas- 
urements the  cubic  capacity  may  be  twice  as  great  in  one  case  as 
the  other.  We  have  calculated  16-foot  and  13-foot  furnaces,  and 
found  them  practically  alike.  The  cubical  capacity  comprises  all 
the  dimensions,  and  is  a  much  more  reasonable  basis  of  comparison 
than  any  single  measurement.  A  comparison  of  duty  should  be 
made  by  stating  how  many  cubic  feet  are  required  to  make  a  ton  of 
iron  iu  twenty-four  hours. 

In  this  connection  we  should  explain  how  so  many  furnaces  have 
been  supplied  with  altogether  too  little  stove  power.  The  English 
furnaces  had  an  average  output  of  one  ton  of  iron  per  twenty-four 
hours  per  250  feet  of  cubic  capacity,  the  range  being  from  170 
to  430.  Mr.  Whitwell,  during  his  lifetime,  had  control  of  this 
county's  business,  and  he  did  not  or  would  not  recognize  the  economic 
consideration  of  large  output  having  greater  importance  here  as  com- 
pared with  the  English  practice.  His  recommendations,  therefore, 
based  upon  furnace  size,  were  always  too  small  for  high  heats  in 
American  practice.  Few  of  the  old-type  stoves,  with  their  limited 
heating  surface,  had  anything  like  enough  power  to  do  the  work  ex- 
pected of  them.  Thus  the  stoves  were  said  to  do  little  better  than 
the  cast  iron,  as  far  as  make  and  output  were  concerned ;  but  none 
who  had  them  ever  regretted  putting  them  in,  since  the  economy  of 
maintenance  alone  was  full  recompense  for  the  outlay.  Many  stove 
plants  have  now  been  in  use  for  years,  and  have  not  cost  a  dollar 
since  their  erection,  and  not  one  of  them  has  cost  anything  of  any 
moment. 

It  is  often  asked,  can  a  furnace  afford  gas  enough  to  supply  these 
stoves  and  give  a  heat  of  1400°  F.  to  the  blast  in  addition  to  raising 
the  necessary  steam  ?  As  this  is  a  vital  question*  I  will  endeavor 
to  answer  it  satisfactorily.  It  is  no  use  to  save  the  fuel  in  the  furnace, 
if  what  is  saved  must  be  expended  outside,  except  perhaps  a  cheaper 
grade  might  be  used  under  the  boilers.     Practice  has  proved  that 
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any  well-appointed  furnace,  even  with  good  economy  of  fuel,  pro- 
duces gas  in  sufficient  quantity  and  of  good  enough  quality  to  raise 
all  steam  required  and  heat  the  blast  in  cast-iron  pipes  to  900°  F. 
For  a  unit  of  blast  we  will  assume  that  the  same  amount  of  steam 
is  required  when  either  high  heats  or  ordinary  heats  are  used,  and 
we  will,  therefore,  only  compare  the  amount  of  gas  necessary  to  raise 
the  blast  temperature  in  the  one  case  to  900°,  and  in  the  other  to 
1400°  F.     The  gas  from  a  blast  furnace  working  economically  may 

be  taken  to  be 

002=17.25  percent. 
CO  =25.25        " 
N     =57.50        " 

The  temperature  produced  by  the  combustion  of  this  gas  is  that  due 
to  the  further  oxidation  of  the  CO  less  the  heat  absorbed  by  the  COg 
and  N  and  air  introduced  for  the  combustion. 

Weight  of  gas  to  be  burned,  say, 100. 

Add  air  required  to  burn  the  25.25  CO  to  COj     .         .         .       62.6 
Add  for  air  of  dilution, 40.4 


203.0 


The  temperature,  therefore  (specific  heat,  being  .24),  is 

10^82^^5600   _  j243°  C  =  2270°  F. 
203  X  .24 

This  disregards  the  initial  temperature  of  the  gas  and  air.  This  203 
is  twice  the  weight  of  the  gas  consumed,  and  as  the  blast  and  gas 
are  in  the  proportion  of  1  to  1.35  nearly,  the  amount  of  heat 
produced  by  the  combustion  of  all  the  gases  would  be  equal  to  all 
the  blast  heated  to  a  temperature  1.35  X  2  X  2270°  F.  =  6129°  F. 
If,  therefore,  all  the  heat  of  the  gases  could  be  imparted  to  the  air 
only  g\^2^^  =  14.7  per  cent,  would  be  required  to  heat  it  to  900°.  But 
to  generate  900^  F.  in  a  cast-iron  stove  with  the  ordinary  degree  of 
rapidity  the  escaping  gases  must  go  off  at  1200°,  that  is  only  1070° 
of  the  2270°  can  be  made  available,  requiring  31.1  per  cent,  of  the 
gases  burned  in  the  ovens  instead  of  14.7  per  cent.  The  heat  lost  by 
radiation  from  the  walls  of  the  ordinary  cast-iron  ovens  is  very  great, 
raising  the  total  combustion  to  nearly  50  per  cent,  of  the  gas. 

This  same  reasoning  applied  to  the  Whitwell  stoves  shows  that 
6  1 2?  ^^  22.8°  of  all  the  heat  of  the  consumed  gases  is  returned  to 
the  furnaces,  and  as  the  escaping  temperature  is  only  400°,  2270°  — 
400  =  1870°    F.    are   available  for  heating  the  blast,  and   2270 
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X  22.8  -^  1870  =  28  per  cent.  To  this,  as  before,  must  be  added 
the  heat  lost  by  radiation  frorai  the  stoves,  which,  with  their  heavy 
walls  and  the  recurring  cooling  action  of  the  blast,  never  attains  a 
temperature  of  more  than  150°  on  the  average.  In  fact,  the  naked 
hand  can  be  held  on  the  casing  in  many  places.  It  is,  therefore, 
fair  to  assume  that  the  loss  by  radiation  cannot  be  anything  like 
what  it  is  in  the  ordinary  pipe  stove,  and  35  per  cent,  of  the  gas 
will  suffice  to  raise  the  blast  to  1400°  F.,  which  is  about  the  amount 
obtained  by  measuring  the  gas  currents.  In  any  view,  however,  it 
is  clear  that  less  gas  is  required  to  raise  the  temperature  in  a  Whit- 
well  stove  to  1400°  F.  than  to  900°  in  the  best  style  of  a  cast-iron 
pipe  stove. 

The  above  35  per  cent,  of  the  gas  will  weigh  in  units  of  blast 
35  per  cent.  X  1.35  =  .4725,  and  multiplied  by  2  =  .945  gives  the 
weight  of  the  products  of  combustion,  and  as  this  amount  is  used  in 
two  stoves  at  a  time,  this  quantity  (.4725)  passes  through  each. 

The  21'  X  60'  stove  has  a  heating  surface  of  29,000  square  feet, 
and  three  of  these  will  have  87,000  square  feet,  which  divided  by 
6.5  gives  13,538  cubic  feet  of  furnace  capacity.  But  as  in  large  fur- 
naces this  may  be  increased,  as  above  stated,  our  estimate  is  for  a 
furnace  of  15,000  cubic  feet  capacity,  or  for  a  product  with  rich  ores 
of  150  tons  of  iron  per  day,  equal  to  100  cubic  feet  of  furnace  capacity 
to  the  ton  of  iron.  According  to  our  figures  150  X  117  =  17,550 
cubic  feet  of  air  per  minute,  and  that  multiplied  by  5  =  87,750 
square  feet  of  surface  in  the  stoves,  which  nearly  tallies  with  the  former 
estimate.  Somewhat  less  air  than  the  above  is  required  for  this 
amount  of  iron  when  economy  of  fuel  is  made  the  prime  object. 

The  proportion  of  the  several  passages  through  which  the  gas  and 
air  passes  in  these  stoves  has  been  a  matter  of  much  study.  We  will 
call  attention  to  these  currents  which  serve  so  well  to  keep  the  walls 
clear  of  fine  light  dirt.  In  the  first  passage  of  the  blast  the  aggre- 
gate is  20.8  square  feet,  and  the  surface  of  the  openings  is  114  feet 
linear.  As  the  friction  is  proportional  to  the  surface  and  the  square 
of  the  velocity,  we  multiply  by  these  factors  to  get  a  unit  of  resist- 
ance, so  that  the  entire  resistance  shall  be  the  least  possible,  and  the 
mass  the  greatest  possible.  Volume  of  air  =  17,750  feet  per  minute, 
divided  by  20.8  =  853  velocity  per  minute,  or  14.2'  per  second, 
14.2^  X  114  =  22,988  units  of  resistance  (neglecting  the  compres- 
sion of  the  air).  In  the  second  passage  the  resistance  is  20,310,  and 
in  the  third  18,934,  since  they  are  made  freer  to  compensate  for  the 
expansion  of  the  air  by  the  heat  taken  up.     The  last  passage  or  com- 
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biistlon-chamber  has  an  area  of  35.5  square  feet  with  only  52  feet  of 
surface  linear,  measured  around  its  walls,  this  chamber  being  espe- 
cially designed  for  the  combustion  of  the  gases.  It  is  evident  from 
these  data  that  the  flow  of  the  gas  being  but  one-half  the  quantity  of 
the  air,  the  up  and  down  movements,  subdividing  the  large  heating 
chamber  into  three  parts,  cannot  be  any  detriment  in  causing  too 
much  friction  to  the  currents;  and  when  we  find  less  than  ^  inch  of 
water  as  the  actual  friction  in  practice,  we  feel  safe  in  claiming  the 
following  important  advantages  derived  from  this  subdivision. 

1.  The  complete  contact  of  the  air  and  the  brick  surface. 

2.  The  burning  gas  comes  in  contact  with  every  brick  exposed. 

3.  The  light  flocculent  material  is  carried  on  by  the  current,  and 
is  not  deposited  on  the  brick  walls,  to  prevent  them  from  absorbing 
the  heat. 

These  stoves  have  been  greatly  simplified  in  construction,  being 
built  almost  entirely  of  9-inch  ordinary-sized  brick.  The  shapes 
seen  on  the  drawing  (Fig.  3)  are  very  simple  and  easily  made,  and  the 
number  needed  of  each,  marked  on  it,  shows  how  few  are  required. 
Further,  the  double  passage  that  we  have  just  referred  to  enables  us 
to  use  a  common,  cheap  grade  of  firebrick  in  the  up  and  down  pas- 
sages next  the  chimney  valve,  as  the  first  flush  of  heat  is  taken  up 
in  the  combustion-chamber  and  the  first  down  passage.  This  effects 
a  very  considerable  saving  in  the  construction  of  these  stoves.  The 
arches  below  are  a  thorough  network  of  brick  and  firebrick  only, 
and  are  so  short  in  their  span  that  it  is  impossible  for  them  to  fall 
in.  The  base  of  the  centre  wall  is  greatly  increased  in  width  to  com- 
pensate for  the  bricks  removed  to  form  the  arches  across  it.  These 
arches  are  numerous  and  small,  and  induce  a  thorough  spreading  of 
the  gas  and  blast. 

As  before  mentioned,  the  product  of  the  furnace  is  much  increased 
by  the  application  of  the  superheated  air,  and  to  show  that  such  is  a 
natural  sequence  we  would  refer  to  I.  Lowthian  Bell's  report  of  the 
Consett  furnaces  when  the  Whitwell  stoves  maintained  a  constant 
temperature  in  the  blast  of  1324°  F.*  The  furnaces  were  almost 
identical;  the  material  the  same — ore,  fuel,  and  limestone;  but  one 
was  blown  with  air  at  850°  F.  and  the  other  with  air  at  1324°  F. 
The  furnace  with  the  air  at  850°  F.  required  22.75  cwts.  of  coke 
to  make  a  ton  of  iron,  while  the  one  with  air  heated  to  1324°  F. 
made  the  iron  with  18  cwts.,  a  saving  of  4.75  cwts.  to  the  ton,  or 


*  Chemical  Phenomena  of  Iron  Smelting,  page  161. 
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21.3  per  cent.,  attributable  to  nothing  save  the  heat  of  the  blast. 
The  product  was  really  the  same  both  in  quantity  and  quality,  but 
the  furnace  with  850°  air  required  5.07  pounds  of  air  to  the  pound 
of  iron,  while  the  other  required  only  3.75  pounds.  The  fact 
of  the  make  being  the  same  is  easily  explained,  when  it  is  known 
that  the  same  blowing  power  was  used  for  both  furnaces.  The  re- 
sistance to  highly  heated  air  in  passing  in  at  the  tuyeres  being  much 
greater  than  that  of  the  moderately  heated,  less  would  therefore  en- 
ter the  same  tuyere  area.  Both  these  furnaces  had  a  tuyere  area  of 
80  square  inches,  and  Weisbach's  formula  for  resistance  would  show 
that  as  5  pounds  entered  the  one  set  of  tuyeres  at  a  temperature  of 
850°,  only  3.77  pounds  of  air  would  enter  the  other,  all  other  things 
being  equal,  which  they  must  have  been,  since  these  proportions  are 
almost  exactly  the  same  as  the  air  received  by  the  furnaces.  Had 
the  blowing  power  been  independent  and  the  same  amount  of  air 
been  injected  into  each  furnace  in  a  given  time,  the  relative  produc- 
tion would  undoubtedly  have  been  5  for  the  furnace  with  super- 
heated air  to  3.75,  for  the  other,  the  make  rising  from  60  tons  per 
day  to  80. 

This  brings  us  to  what  may  seem  to  some  at  first  sight  rather  dif- 
ficult to  believe,  namely :  the  construction  of  a  furnace  plant  with 
Whitwell  stoves,  royalty,  and  all,  costs  no  more  money  than  when  a 
fair  plant  of  cast  pipe  stoves  is  put  in.  A  blast  furnace  for  given  ma- 
terials is  large  or  small  according  to  the  product,  and  to  say  it  is  an 
80-ton  furnace,  a  60-ton,  etc.,  is  more  to  the  point  than  to  give  any  of 
the  dimensions.  The  diameter  of  bosh,  cubic  contents,  size  of  engines 
or  boilers,  are  only  the  details  of  the  whole,  whose  duty  is  some  un- 
certain quantity  of  pig  metal.  Taking  these  English  data  (and  far 
better  results  can  be  shown  than  these),  if  the  same  engines,  boilers, 
buildings,  and  furnace  proper  can  be  made  to  produce  80  instead  of 
60  tons  per  day,  without  being  any  more  tasked,  they  are  unques- 
tionably worth  33J  per  cent,  more  money.  We  will  assume,  there- 
fore, for  comparison,  these  parts  of  a  certain  furnace  to  produce  a 
stated  quantity  of  iron  to  cost  $100,000,  and  with  the  cast-iron 
stoves  to  cost  $1 20,000.  The  Whitwell  stove  plant  with  chimney  and 
flues  will  not  cost  over  $50,000,  or  a  total  of  $150,000.  But  as  this 
latter  for  actual  output  is  worth  one-third  more  than  the  former,  its 
relative  value  would  be  120,000  +  ''''^'^'  =  $160,000.  Or,  to  take  it 
the  other  way :  If  the  machinery,  etc.,  all  regulated  by  amount  of 
air  required,  could  be  reduced  in  the  ratio  of  from   5  to  3.75,  and 
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with  the  aid  of  the  stoves  still  make  the  same  amount  of  iron,  and 
this  saving  added  to  the  cost  of  a  cast  pipe  stove  plant,  there  would 
be  more  than  enough  money  to  build  a  fine  plant  of  Whitwells. 

The  above  is  by  no  means  our  best  results.  The  application  of 
the  stoves  to  existing  plants  has  fully  doubled  the  output  in  several 
instances.  Why  is  this  great  increase  of  output  the  result  of  the 
application  of  the  Whitwells?  By  blowing  superheated  air  into 
the  furnace  a  combination  of  several  advantageous  points  results. 
Less  fuel  is  used  per  ton,  therefore  there  is  more  ore  in  the  fur- 
nace. Less  blast  is  used,  therefore  less  heat  is  carried  away  in  the 
gases.  The  sensible  heat  of  the  gases  is  always  lower,  and  part  of 
this  loss  is  prevented.  The  more  highly  heated  the  blast  the  greater 
affinity  its  oxygen  will  have  for  the  incandescent  carbon  in  the 
hearth,  therefore  the  more  rapid  the  formation  of  the  CO ;  and  the 
more  rapid  the  combustion  the  more  the  area  of  combustion  is  con- 
fined, and  the  sooner  the  zone  of  reduction  will  be  established.  The 
more  intense  the  combustion  the  more  limited  the  zone  of  fusion, 
the  intensity  of  the  heat  being  greater  but  the  quantity  of  heat  less. 
The  work  performed  where  high  heats  are  employed  is  done  quickly 
and  well,  but  the  heat  is  very  rapidly  reduced  to  such  a  point  that 
reduction  can  actively  commence  and  be  perfected  in  a  region  much 
lower  down  in  the  furnace.  Thus  a  low  furnace  will  do  the  same 
work  as  a  much  higher  one,  and  a  high  one  can  be  proportionately 
pushed,  so  that  in  either  case  a  great  economy  of  fuel  results. 

The  variation  in  the  temperature  of  the  blast  from  the  stove,  from 
the  time  it  is  first  put  on  till  taken  off,  an  hour  afterwards,  is  ob- 
jected to  by  some  furnacemen.  This  change  is  very  small  with  good- 
sized  stoves;  still  we  have  devised  a  means  of  providing  against  any 
change.  The  device  by  which  this  is  effected  is  based  upon  the  dif- 
ference in  the  resistance  to  the  passage  of  a  certain  quantity  of  air 
at  different  temperatures.  A  freely  moving  piston  forms  a  valve, 
the  upper  end  of  which  is  pressed  upon  directly  by  the  cold  air,  and 
the  lower  end  by  the  heated  column  which  has  passed  through  the 
stoves,  valves,  and  part  of  the  pipes.  If  the  air  is  much  heated, 
the  pressure  in  this  latter  pipe  is  so  much  less  by  the  extra  resistance 
due  to  that  temperature,  and  the  result  is  a  depression  of  the  valve 
by  the  cold  air  column,  and  an  admission  of  cold  air  to  regulate  the 
temperature  of  the  blast  entering  the  furnace.  When  the  temperature 
in  the  stove  diminishes  the  balance  of  these  pressures  causes  the  valve 
to  rise  and  reduce  proportionally  the  amount  of  cold  air.  By  weight- 
ing the  lever  attached  to  the  valve  a  constant  temperature  can  be 
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maintained  at  the  tuyeres.  We  are  endeavoring  to  perfect  a  pyrom- 
eter operated  by  the  difference  in  friction  of  hot  and  cool  air,  and 
think  we  can  succeed. 

It  is  easy  to  demonstrate  what  an  immense  quantity  of  heat  a 
plant  of  these  stoves  contains,  and  what  a  small  proportion  of  this 
is  taken  away  by  each  hour's  run.  The  only  reason  there  is  any 
noticeable  difference  in  the  temperature  of  the  blast  is,  that  a  slight 
film  of  surface  is  more  highly  heated  than  the  body  of  the  bricks; 
but,  the  body  of  the  bricks  being  heated  through  and  through,  the 
heat  is  very  slowly  taken  away,  and  the  surface  temperature  can  be 
well  kept  up  for  a  very  long  time  when  sufficiently  large  stoves  are 
in  use,  as  herein  recommended.  As  already  stated,  one  stove, 
21  feet  diameter,  and  60  feet  high,  has  a  surface  of  29,000  square 
feet.  This  has  17,550  cubic  feet  of  air  passed  through  it  per  minute, 
or  1,053,000  per  hour,  the  length  of  ordinary  air-blow.  The  weight 
of  this  air  is  1,053,000  X  .076  =  80,028  pounds,  which,  multiplied 
by  .237  (specific  heat)  X  1300°  F.  (less  temperature  of  cold  air 
pipe)  =  24,654,500  pound-units  per  hour.  As  the  specific  heat  of 
firebrick  may  be  taken  at  .2,  and  the  average  thickness  of  the  walls 
6  inches,  compared  with  heating  surface  (by  averaging  the  9-inch 
division  walls  and  the  small  w^all  crossings),  then  29,000  X  .2  X 
3-inch  (half  wall)  X  10  (weight  of  square  foot  of  brick  1  inch  thick  in 
pounds),  we  have  the  units  of  heat  per  degree  of  wall  =  174,000. 
But  the  hour's  blast  absorbs  24,654,500  units,  requiring  a  lowering 
of  the  temperature  of  140°  F.  of  the  mass  of  the  walls  under  con- 
sideration. This  does  not,  however,  represent  the  diminution  of  the 
blast  temperature,  as  the  greater  reduction  of  temperature  in  the 
walls  is  toward  the  cold  end,  leaving  the  heat  of  the  hot  end  well 
up  to  the  maximum.  This  reduction,  however,  is  the  great  safe- 
guard to  the  longevity  of  the  stove.  If  the  gas  were  admitted  con- 
tinuously, burning  among  the  heated  walls,  the  temperature  would  go 
on  increasing,  as  long  as  a  balance  could  be  maintained  in  its  favor 
against  radiation  and  heat  of  the  escaping  gases,  and  the  destruction 
of  the  walls  would  inevitably  result.  But  in  each  three  hours  one 
hour  is  taken  up  in  carrying  away  the  heat  given  to  this  stove  during 
the  other  two,  and  as  a  consequence  the  walls  never  attain  a  tempera- 
ture that  can  injure  them.  Our  stoves,  therefore,  are  everlasting. 
This  heat,  imparted  from  the  walls  of  the  stove  and  given  up  to  the 
blast,  has  to  traverse  through  the  bricks,  an  average  distance  of  IJ 
inches,  since  the  wall  is  6  inches  thick,  and  acted  upon  both  sides. 
If,  as  is  supposed  by  some,  the  walls  are  only  heated  and  cooled  half 
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an  inch,  we  would  ask,  where  does  the  heat  come  from  to  heat  the 
volume  of  blast,  as  ordinarily  proportioned  to  the  stoves?  Since  the 
quantity  of  heat  conducted  through  solid  bodies  is  inversely  propor- 
tional to  the  distance  travelled,  and  directly  proportional  to  the  dif- 
ference in  temperature,  and  as  one  inch  of  firebrick  has  speed  of 
conduction  per  minute  of  .33  units  to  the  square  foot  to  each  degree 
of  Fahrenheit,  for  IJ  inches  thick,  the  amount  will  be  .22  units;  and 
since  the  number  of  units  per  minute  per  square  foot  of  surface  is 
410,910  -J-  29,000  =  14.2,  we  have  14.2  -^  .22  =  65°  as  the  difference 
between  the  heat  at  the  surface  and  the  heat  at  the  centre  of  the 
walls.  If  the  walls  were  made  thinner  than  6  inches,  the  difference 
in  temperature  would  be  less;  but  the  total  heat  of  the  wall  would 
be  relatively  decreased  ;  and  as  the  above  difference  is  very  slight, 
compared  with  the  entire  heat  of  the  mass,  this  mass  should  not  be 
decreased  or  sacrificed  to  heating  surface. 

Mr.  Whitwell  held  there  was  no  economy  in  decreasing  the  walls 
below  9  inches,  claiming  that  the  surface  was  sufficient  to  absorb  all 
the  heat  these  walls  could  spare  for  regular  work ;  but  we  consider 
that  the  heating  surfiice  cannot  be  too  great  if  the  mass  is  not  sacri- 
ficed in  getting  it.  We  have  adopted  the  thickness  of  4J  inches  for 
the  thin  walls,  and  9  inches  for  the  dividing  walls,  as  bricks  lay 
more  cheaply  in  this  shape,  and  because  it  is  the  best,  or  nearly  the 
best,  proportion  between  surface  and  mass. 

It  would,  of  course,  be  an  easy  matter  to  construct  these  stoves  with 
2-inch  walls,  and  thus,  with  less  brick  mass,  and  the  same  iron  shell 
and  valves,  obtain  perhaps  70  per  cent,  more  heating  surface.  But, 
from  the  foregoing  considerations,  mass  seems  preferable  to  surface. 
At  least  the  latter  should  not  be  increased  at  the  expense  of  the 
mass.  We  think  there  is  sufficient  conductivity  in  firebrick  for  an 
average  thickness  of  6  inches,  heated  and  cooled  alternately  on  each 
side,  and  that  the  surface  so  obtained  is  sufficient  to  abstract  and 
utilize  all  the  heat  from  the  mass  to  its  centre,  and  thus  produce  a 
practically  uniform  temperature  in  the  blast. 

An  objection  sometimes  offered  to  the  use  of  high  heats  is,  that  it 
injures  the  quality  of  the  iron,  and  to  answer  broadly  that  it  does 
not  w^ould  not  be  accepted  as  conclusive.  But  we  can,  nevertheless, 
say,  without  hesitancy,  that  far  from  injuring  the  iron  the  quality  of 
the  iron  is  improved.  The  facts  bear  this  out,  but  we  give  the  fol- 
lowing reasons  why  it  should  be  so.  The  following  materials  are 
generally  supposed  to  be  detrimental  to  iron:  Phosphorus,  sulphur, 
and  silicon.     The  first  cannot  be  removed  even  in  part  by  any 
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known  processes  in  the  blast  furnace.  The  second  may,  by  heavy 
liming,  be  carried  into  the  slag  to  a  great  extent,  if  it  is  not  vola- 
tilized in  the  upper  part  of  the  furnace;  but  it  is  generally  recog- 
nized that  high  or  low  heat  in  the  blast  has  little  or  nothing  to  do 
with  the  presence  of  sulphur  in  the  pig.  It  has  been  generally  sup- 
posed, however,  that  high  temperature  increases  the  amount  of  silicon 
in  the  pig.  This  belief  grew  out  of  the  contrast  of  cold-blast  and 
hot-blast  charcoal  iron,  the  former  having  about  J  per  cent,  and  the 
latter  from  2  to  2 J  per  cent,  as  ordinarily  made  in  the  old-style 
charcoal  furnace  process.  But  the  fact  is  in  neither  case  should 
there  be  more  than  the  smaller  amount  of  silicon  in  the  pig  with 
charcoal  for  fuel. 

All  the  silica  can  be  fluxed  with  a  proper  admixture  of  lime  be- 
fore its  reduction  can  take  place,  except  that  portion  which  is  covered 
and  protected  by  the  carbon  of  the  fuel,  that  is  to  say,  the  silica  of 
the  ash.  This  ash  it  is  which  causes  the  trouble  in  all  light,  weak, 
and  highly  siliconized  irons.  When  fuel  high  in  ash  is  charged  into 
the  furnace  do  not  blame  the  furnace  manager,  for  he  cannot  make 
strong  iron ;  but  if  the  fuel  ash  is  low,  and  the  iron  weak,  an  in- 
crease of  the  burden  or  lime,  or  both,  is  indicated.  High  tempera- 
ture of  the  blast  intensifies  the  heat  of  the  hearth  but  only  in  a  very 
slight  degree,  but  it  promotes  economy  of  fuel  to  a  very  marked  de- 
gree. It  also  reduces  proportionally  the  consumption  of  the  fuel  in 
the  hearth,  since  all  the  carbon  deposition  in  the  reducing  zone  will 
expose  to  the  action  of  the  flux  the  ash  which  was  contained  in  that 
portion  of  the  fuel.  If  all  the  ash  of  an  average  coke  were  to  descend 
to  the  tuyeres,  and  1 J  tons  of  coke  were  used  for  a  ton  of  iron,  the  iron 
might  contain  from  6  to  7  per  cent,  of  silicon,  but  by  using  high 
heats  the  coke  can  be  reduced  to  one  ton  and  a  large  proportion  of 
the  carbon  and  ash  separated  in  the  preparatory  action  of  the  furnace. 

DISCUSSION. 

Mr.  Birkinbine:  Mr.  President:  Do  I  understand  the  gentle- 
man to  claim  that  with  two  furnaces  of  equal  size  and  proportions, 
similarly  equipped,  using  the  same  ore,  flux  and  fuel,  and  operated 
under  the  same  management;  in  fact,  alike  in  all  respects,  except  that 
one  was  supplied  with  Whitwell  stoves,  while  the  other  used  good 
iron  pipe  stoves,  that  the  one  equipped  with  Whitwell  stoves  would 
produce  60  to  70  per  cent,  more  pig  iron  than  the  furnace  having 
iron  pipe  stoves  and  show  corresponding  reduction  in  fuel  consump- 
tion ? 
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Mr.  Gordon  :  That  is  what  I  intended  to  say,  and  it  can  be 
verified. 

Mr.  Birkinbine:  I  regret  that  I  was  not  aware  of  the  purport 
of  this  paper,  so  that  I  might  have  come  prepared  with  actual  data 
for  which  under  the  circumstances  I  must  trust  to  memory.  But  I 
do  not  feel  that  we  should  allow  the  statement  that  the  use  of  the 
Whitwell  stoves  will  augment  the  product  of  a  given  plant  60  to 
70  per  cent,  to  pass  unchallenged.  To  no  one  person  do  the  blast- 
furnace managers  owe  more  than  to  the  late  Thomas  Whitwell,  for 
it  was  he  who  tauo^ht  us  the  true  value  of  a  hot-blast  in  controllinir 
the  operations  of  a  blast-furnace.  Up  to  the  time  his  stoves  were 
presented  for  public  consideration,  our  furnace  managers  had  treated 
the  hot- blast  stoves  more  as  an  accessory  to  the  plant  than  as  an 
essential  feature  with  which  to  control  and  operate  it,  but  I  submit 
that  the  claims  made  for  the  superiority  of  the  Wliitwell  stoves  have 
not  been  substantiated  in  American  practice.  In  a  paper  presented 
at  the  Washington  meeting  five  years  ago,  I  claimed  that,  if  the 
same  amount  of  study  and  attention  were  devoted  to  the  construction 
of  iron  pipe  stoves  as  is  bestowed  upon  the  Whitwell  plants,  and  if 
an  equal  amount  of  care  were  exercised  in  watching  the  iron  pipe 
stoves  as  is  demanded  for  the  firebrick  stoves,  the  claim  for  superior 
durability  would  have  little  foundation.  You,  Mr.  President  and 
many  of  the  gentlemen  now  present,  are  well  aware  that  it  has  been 
the  too  prevalent  practice  to  allow  an  iron  pipe  stove  to  care  for 
itself  An  occasional  inspection  to  see  that  the  gas  was  burning, 
was  considered  sufficient,  and  the  pipes  were  subject  to  sudden 
changes  of  temperature  by  throwing  open  the  doors  when  the  oven 
was  considered  too  hot,  or  when  the  furnace  was  blowing  out,  causing 
the  pipes  to  check  and  crack.  It  has  not  come  within  my  experience 
to  find  many  burned  pipes,  although  1  have  examined  a  large  num- 
ber which  have  been  removed  from  ovens.  The  cracks  indicate  that 
they  are  damaged  or  destroyed  by  sudden  or  extreme  changes  of 
temperature. 

As  to  the  durability  of  iron  pipe  stov^es,  permit  me  to  cite  an 
example  or  two.  About  two  months  ago  I  inspected  an  iron  pipe 
stove  which  had  been  constructed  in  1860  and  had  been  in  almost 
constant  use,  and  the  proprietor  informed  me  that  during  these  twenty 
years  of  use  not  a  pipe  or  brick  had  been  removed  from  this  oven. 
I  am  at  present  rebuilding  the  firebrick  arches  of  the  combustion- 
chambers  of  an  iron  pipe  stove.  These  arches  were  cut  in  ridges  by 
the  gases,  the  brick  cindered,  and  15  inches  of  this  cinder  had  accu- 
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mulated  on  the  bottom  of  the  chambers,  yet  we  have  not  discovered 
a  single  defective  pipe,  although  they  were  placed  just  above  these 
chambers  which  show  the  action  of  the  intense  heat  so  strongly. 
Other  instances  of  durability  could  be  mentioned  if  time  would  per- 
mit. 

Concerning  the  fuel  economy  I  cannot  speak  as  definitely  on  the 
coke  practice  as  on  that  of  the  anthracite  furnaces,  but  while  in 
Pittsburo^h  I  found  that  the  work  done  at  the  Eliza  and  Soho  fur- 
naces  with  iron  pipe  stoves  compared  very  favorably  when  size  of 
furnace,  quality  of  stock,  and  product  were  considered,  with  other 
furnaces  usinty  the  Whitwell  stoves. 

As  to  the  results  with  anthracite  furnaces  I  know  that  to-day  the 
Cedar  Point  furnace  at  Port  Henry,  N.  Y.,  17  feet  X  71  feet,  not- 
withstanding it  has  4  Whitwell  stoves  under  efficient  management, 
is  not  making  as  much  pig  iron,  nor  working  on  as  low  fuel  con- 
sumption as  the  Warwick  furnace,  which  is  smaller,  15  X  55,  and 
uses  leaner  ores.  During  our  Wilkesbarre  meeting  in  1877  an  op- 
portunity was  given  to  compare  the  contemporaneous  working  of  the 
Port  Henry  and  Scranton  furnaces  using  the  same  ore  and  coal,  and 
the  statements  which  were  then  offered  for  examination  showed  no 
perceptible  difference  between  the  furnace  employing  superheated 
blast  and  blast  at  800°  from  iron  pipe  stoves. 

These  facts  are  presented  as  they  occur  to  me  now  in  this  crude 
manner.  I  would  not  be  considered  as  detracting  from  the  value  of 
any  improvement  in  blast-furnace  construction  or  operation.  I  have 
no  financial  or  personal  interest  in  any  form  of  hot-blast  stove,  and 
have  no  pet  theories,  but  I  insist  that  within  our  present  knowledge, 
the  firebrick  stoves  have  not  developed  the  economy  of  fuel  claimed  for 
them,  and  I  very  nnich  doubt  if  Mr.  Gordon  can  name  any  three 
furnaces  having  Whitwell  stoves  which  use  anthracite  coal,  or  an- 
thracite with  a  small  mixture  of  coke,  which  can  show  a  record 
either  as  to  amount  of  iron  produced  or  economy  of  fuel  consump- 
tion, which  will  not  compare  unfavorably  with  the  work  now  being 
done  at  the  furnace  of  the  Pottstown  Iron  Company,  managed  by  our 
member,  Mr.  Janney  ;  the  Warwick  furnace  managed  by  our  mem- 
ber, Mr.  Cook ;  and  the  North  Lebanon  furnace  operated  by  our 
member,  Mr.  Brock.  The  mixture  of  ores  at  the  first  two  named 
furnaces  run  from  38  to  42  per  cent.,  and  at  the  latter  plant  all 
Cornwall  ore  is  used,  which  is  highly  sulphurous,  and  averages  less 
than  50  per  cent. ;  and  all  three  have  iron  pipe  stoves. 
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BY   CHARLES  A.    ASHBURNER,    PHILADELPIIIA. 

Very  little  is  known  of  the  economical  value  of  the  coal-beds 
of  the  State  of  Texas.  The  first  authentic  statement  in  re^j^ard 
to  their  occurrence  is  that  contained  in  the  reports  of  the  United 
States  Explorations  for  the  Pacific  Railroad,  near  the  32d  parallel 
of  latitude,  published  in  1853-55.  Professor  William  P.  Blake 
reports,  "that  a  number  of  seams  of  bituminous  coal,  varying  in 
thickness  from  two  to  four  feet,  have  been  opened  along  the  Brazos 
River,  in  Young  County,  about  one  hundred  and  fifty  miles  west 
of  Fort  Worth. '^  Dr.  Shumard  also  states,  "that  the  characteristic 
fossil  forms  of  the  Carboniferous  Era  have  been  found  with  this 
coal,  and  considers  the  age  of  the  formation  established.  Fossils 
obtained  from  the  carboniferous  limestone  remove  all  doubt  of  the 
age  of  these  deposits. "f 

In  the  spring  of  1879,  I  was  called  upon  by  some  Eastern  capi- 
talists to  make  an  examination  of  the  Brazos  coal-field,  in  order  to 
obtain  the  thickness,  extent,  and  value  of  the  coal  which  could  be 
mined  and  be  made  merchantable  for  steam,  heating,  and  metallur- 
gical purposes.  The  demand  for  coal  in  this  section  of  the  country  is 
great,  and  a  fuel  which  in  our  Eastern  markets  might  be  considered 
of  inferior  quality,  would  here  find  a  ready  sale. 

It  must  be  remembered  that  the  market  value  of  a  coal  does  not 
depend  upon  its  absolute  purity,  but  upon  its  actual  value  in  heat 
units  which  it  is  capable  of  producing.  A  poor  coal  which  can  be 
cheaply  mined  near  the  consumer,  is  infinitely  more  remunerative  to 
a  mining  company  than  a  superior  coal  whose  cost  to  the  consumer 
is  greatly  increased  by  high  mining  charges  and  railroad  freights. 
The  value  of  the  Texan  coals  does  not  depend  upon  their  purity 
but  upon  their  low  first  cost  and  nearness  to  a  market. 

A  glance  at  a  geological  map  of  the  United  States,  will  show  that 
the  Brazos  coal-field  is  the  extreme  southwestern  extension  of  what 
may  be  called  the  Missourian,  Fourth  or  Western  bituminous  coal 

*  I  am  permitted  by  the  gentlemen  for  whom  the  examination  was  made  to 
publish  the  general  stfitements  contained  in  this  paper. 

f  Matfarlane's  Coal  Regions  of  America.  More  recently  brief  mention  has 
been  made  of  the  coal-field  in  the  pamphlets  of  the  State  geological  survey.  These 
reports  are,  however,  too  general,  too  indefinite,  and  too  impracticable  to  permit 
of  any  conclusions  as  to  the  value  of  the  coal  as  an  economical,  merchantable 
fuel. 
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basin.  This  basin  spreads  over  the  southwestern  part  of  Iowa, 
Western  Missouri  and  Eastern  Kansas,  eastern  part  of  the  Indian 
Territory,  Western  and  Central  Arkansas,  and  ends  in  Northern 
Texas.  Professor  C.  H.  Hitchcock  in  the  report  of  the  ninth  census 
estimates  the  area  of  the  basin,  which  is  tlie  largest  in  the  United 
States,  as  84,000  square  miles.  The  area  embraced  within  the  State  of 
Texas,  according  to  A.  R.  Roessler,  is  6000  square  miles.  Professor 
B.  F.  Shumard  estimates  the  thickness  of  the  measures  at  300  feet.* 

The  official  geological  reports  of  the  several  States  all  claim  that 
the  Missourian  coal-field  is  continuous  from  Iowa  to  Texas.  My 
knowledge  of  the  main  features  of  the  field  is  too  general  to  add  much 
corroborative  testimony.  From  the  dissimilarity  of  the  coal  at 
McAllister  in  Indian  Territory  to  that  found  in  the  vicinity  of  Fort 
Belknap,  Texas,  many  of  the  local  geologists  deny  the  statement 
that  the  basins  in  the  Territory  and  State  are  connected.  The  prin- 
cipal ground  apon  which  the  objection  is  made,  is  that  along  the 
Red  River  carboniferous  strata  are  not  found,  and  that  the  coals 
in  the  two  localities  are  entirely  different.  When  it  is  remembered 
that  the  Red  River  rocks  belong  to  a  newer  and  overlying  formation 
to  the  coal  measures,  there  seems  to  be  but  little  doubt  that  the  coal- 
strata  must  pass  considerably  below  the  bed  of  the  Red  River  and 
connect  the  otherwise  severed  fields.  The  mere  fact  that  the  Texan 
coals,  so  far  as  at  present  known,  are  so  very  much  inferior  to  the 
coal  which  is  beino;  mined  at  McAllister  amounts  to  nothino-.  I 
have  examined  the  coal  bed  in  the  mine  at  McAllister  and  the  coal 
bed  in  the  drifts  at  Fort  Belknap  over  205  miles  distant,  and  have 
found  less  difference  than  exists  in  Pennsylvania  between  beds  of 
the  coal-measures  in  localities  only  a  few  miles  apart.  We  know 
nothing  yet  as  to  the  relative  position  in  the  measures  of  the  Belknap 
and  McAllister  beds,  so  that  their  great  difference  in  quality  cannot 
establish  the  fact  of  a  break  between  the  two  basins. 

The  area  in  wdiich  my  examinations  were  principally  made  lies  in 
the  northern  part  of  Stephens  County,  along  the  Clear  Fork  of  the 
Brazos  River  and  in  the  southern  part  of  Young  County. 

There  are  but  two  beds  which  may  possibly  prove  to  be  com- 
mercial. The  upper  bed  I  have  called  the  Belknap  bed,  because  it 
has  been  opened  for  a  great  many  years  in  the  vicinity  of  old  Fort 
Belknap,  and  the  lower  bed  the  Brazos,  since  as  yet  it  has  only  been 
found  in  the  tributary  waters  of  the  Brazos  River.     Besides  these 

*  This  is  very  much  in  excess  of  the  thickness  which  I  determined  between 
Crystal  Falls,  Fort  Belknap,  and  Graham.  Professor  Shumard  does  not  state 
the  exact  position  in  the  basin  at  which  his  measurement  was  made. 
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two  beds  there  are  a  number  of  associated  coal-seams  which  have 
never  been  found  of  workable  thickness. 

The  vertical  interval  containing  the  coal-beds  is  less  than  100  feet 
in  thickness  and  lies  between  a  sandstone  and  conglomerate  and  a 
hard  gray  limestone.  A  general  section  of  the  strata  compiled  from 
measurements  made  in  the  vicinity  of  Crystal  Falls,  Stephens  County, 
and  Fort  Belknap,  Young  County,  is  as  follows* 
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The  sandstone  and  conglomerate  at  the  top  of  the  section  imme- 
diately underlies  most  of  the  prairie  flat  between  Crystal  Falls  and 
Fort  Belknap.  The  sandstone  is  a  comparatively  soft,  friable,  and 
ferruginous  stone.  The  conglomerate  beds  have  no  marked  per- 
sistency; the  rock  itself  bears  no  resemblance  to  the  carboniferous 
conglomerate  so  familiar  to  geologists  in  the  Eastern  States.  It 
is  quite  soft,  very  ferruginous,  and  the  pebbles  are  small,  often  quite 
irregular  in  shape,  and  are  generally  formed  from  sandstone,  which 
at  times  is  very  calcareous.  Below  this  sandstone  and  conglomerate 
is  a  group  of  strata,  85  feet  thick,  composed  of  sandstones,  shales, 
slates,  fire-clays,  and  coal-beds,  and  below  these  coal-measures  occurs 
a  hard,  gray  limestone,  the  total  tliickness  of  which  is  unknown.  I 
have  measured  150  feet  in  the  valley  of  the  Brazos  River.  This  suc- 
cession of  the  strata  is  not  unlike  that  to  be  found  in  many  localities 
where  the  carboniferous  rocks  are  found  in  the  Middle  States.  It 
seems  to  point  clearly  to  the  conclusion  that  the  top  sandstone  and  con- 
glomerate is  the  representative  of  the  carboniferous  conglomerate  or 
Millstone  Grit,  that  the  limestone  is  the  subcarboniferous  or  Moun- 
tain limestone,  known  generally  throughout  the  Mississippi  Valley 
as  the  St.  Louis  or  Chester  limestone,  and  that  the  included  coal- 
measures  are  really  subconglomerate.* 

The  upper,  or  Belknap  coal-bed,  has  been  most  extensively  pros- 
pected. It  covers  a  large  extent  of  territory,  especially  in  Stephens 
and  Young  counties,  as  is  proved  further  on.  The  bed  usually  con- 
sists of  two  benches,  or  layers  of  coal,  as  shown  in  the  section. 


Fig.  2. 
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^-  In  many  places  in  Northwestern  Pennsylvania  and  West  Virginia  sections 
have  been  CDnstrncted  which  eompare  in  many  respects  with  the  Brazos  section. 
In  the  former  locality  no  Mountain  limestone  has  been  found,  but  coal  occurs 
under  the  base  of  the  Pottsville  or  carboniferous  conglomerate  No.  XII  ;  in  the 
Virginias  the  same  section  exists,  and  in  addition  the  Mountain  (h)cally  called 
Lewisburg)  limestone  is  boldly  developed. 
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The  upper  bench  of  coal  is  usually  about  6  inches  thick,  while 
the  lower  bench  varies  from  2 J  to  3  feet  thick.  The  two  benches 
are  separated  by  7  inches,  more  or  less,  of  black  slate  or  clay,  con- 
taining a  great  deal  of  sulphur  in  the  form  of  iron  pyrites  or  sul- 
phide of  iron.  The  coal  itself  is  poor,  bony,  and  extremely  sul- 
phurous. The  bed  is  always  overlaid  by  a  very  ferruginous  sand- 
stone or  conglomerate.  From  the  unvarying  character  of  this  rock 
it  seems  quite  probable  that  the  territory  underlaid  by  the  coal-bed 
is  coextensive  with  the  area  underlaid  by  the  sandstone,  the  latter 
being  easily  recognized  wherever  it  occurs.  The  bed  was  found  to 
outcrop  in  the  following  localities  : 

1.  The  Belknap  coal-bed  may  be  seen  about  three-quarters  of  a 
mile  southwest  of  Crystal  Falls,  at  an  elevation  of  1115  feet,  the 
barometric  elevation  of  Widow  Nash's  house  in  Crystal  Falls  being 
assumed  at  1100  feet  above  ocean  level.* 

At  this  point  the  following  section  is  exposed : 


Fig,  3. 
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Where  this  coal  is  seen  there  is  only  from  5  to  15  feet  of  cover. 
When  a  coal-bed  contains  a  large  amount  of  sulphur,  and  occurs 
under  so  little  cover  as  at  this  point,  little  can  be  judged  of  what  its 
actual  condition  and  character  would  be  when  drifted  on  under  good 
solid  cover,  which  would  prevent  the  infiltration  of  surface-water. 
About  300  feet  south  of  this  point  the  Belknap  bed  outcrops  again 
at  about  the  same  elevation.  At  this  latter  outcrop  a  fire-clay  bed  is 
observed  immediately  under  the  coal.  This  is  an  invariable  accom- 
paniment of  our  bituminous  coal-beds,  and  doubtless  will  always  be 
found  under  the  Belknap  bed. 

*  Tho  elevations  given  in  this  paper  were  determined  by  a  Hicks's  aneroid 
barometer.  No  opportunity  was  afforded  of  determining  the  elevation  of  Crystal 
P\il!s  instrumentally. 
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On  account  of  the  imperfect  character  of  the  diggings  the  fire-clay- 
is  not  always  observed  where  the  coal-bed  is  seen  to  outcrop.  Below 
the  fire-clay  at  this  last  locality  occurs  a  hard,  iron  sandstone,  which 
is  immediately  underlaid  by  an  outcrop,  indicating  a  coal-bed  about 
1  foot  thick.  This  bed  is  about  12  feet  below  the  bottom  of  the 
Belknap  bed.  A  number  of  small  coal-beds,  such  as  this  last,  are 
seen  in  a  number  of  localities  either  above  or  below  the  Belknap 
bed.     I  do  not  think  they  will  ever  prove  workable. 

2.  The  next  place  where  the  Belknap  bed  was  visited  was  at  the 
O'Neill  opening,  about  600  feet  southeast  of  the  first  outcrop  men- 
tioned. The  character  and  thickness  of  the  bed  is  the  same  as  at 
the  former  outcrop;  the  elevation  of  the  opening  is  1100  feet.  The 
coal  bed  has  been  drifted  on  for  200  feet,  more  or  less,  and  proves 
no  better  under  15  or  20  feet  of  sandstone  cover  than  on  the  outcrop. 
The  bed  is  overlaid  bv  a  hard  ferruo-inous  sandstone.  Three  hun- 
dred  feet  northeast  of  the  mouth  of  the  drift  there  is  40  feet  of  cover 
to  the  coal-bed,  and  a  quarter  of  a  mile  north  of  the  opening  the 
prairie  flat  is  1185  feet  high,  showing  80  feet  of  cover  to  the  bed. 

3.  The  same  bed  outcrops  on  the  Walker  tract  to  the  south  of 
Samuel  Sloan's  house,  and  about  three-quarters  of  a  mile,  a  little 
north  of  east  of  the  O'Neill  opening.  The  elevation  of  the  bed  at 
this  point  is  1105  feet,  and  35  feet  above  the  level  of  the  Clear  Fork, 
which  flows  at  the  foot  of  the  hill  immediately  below  the  outcrop. 

4.  I  found  another  outcrop  of  the  same  bed  in  the  bank  of  the 
creek,  about  450  feet  southeast  of  the  last  mentioned.  The  elevation 
of  this  outcrop  is  1110  feet.  This  last  locality  is  about  half  a  mile 
north  of  Crystal  Falls.  . 

5.  The  next  outcrop  visited  was  found  on  the  east  bank  of  the 
Clear  Fork,  about  a  quarter  of  a  mile  north  of  the  above  outcrop, 
and  in  the  northwestern  corner  of  the  J.  T.  Pinkney  tract.  This  is 
known  as  the  Ballard  opening.     The  following  section  is  exposed  : 


Fig.  4. 
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The  coal  is  rather  hard  and  bright,  but  has  the  unvariable  char- 
acter of  the  Belknap  bed  in  being  very  slaty  and  very  sul[)hurous. 
The  elevation  of  the  coal  at  this  opening  is  1080  feet,  and  about  10 
feet  above  the  Clear  Fork. 

6.  On  Coal  Creek,  in  the  southeastern  corner  of  section  3  of  the 
railroad  lands,  the  Belknap  bed  is  exposed,  showing  from  2J  to  3 
feet  of  coal.  The  bed  is  here  immediately  overlaid  by  18  inches  of 
highly  sulphurous  black  slate,  above  which  occurs  15  feet  of  hard, 
shaly  iron  sandstone.  The  same  bed  has  been  found  at  several  other 
points  along  the  creek. 

7.  The  Belknap  bed  outcrops  around  the  base  of  Coal  Mountain, 
7  miles  southwest  of  Crystal  Falls,  and  between  Hubbard  and  Gon- 
zales creeks.  The  elevation  of  the  coal  is  1135  feet,  and  of  the  top 
of  the  mountain  1200  feet. 

The  following  section  is  observed  : 

Fig.  5. 
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The  coal  has  been  hauled  from  the  mountain  to  Breckenridcre  for 
blacksmith  use.  It  is  very  sulphurous  and  \qyj  slaty.  At  the 
junction  of  Sandy  and  Hubbard  creeks,  northwest  of  Coal  Moun- 
tain, and  at  an  elevation  of  1105  i^Qt,  a  coal  has  been  worked  in  the 
bed  of  the  creek  below  water  level.  The  coal  from  this  bed  has 
been  mined  and  used  by  the  blacksmiths;  it  is  said  to  be  purer  and 
to  burn  much  better  than  the  coal  from  the  Belknap  bed.  The  bed 
was  under  water  when  I  visited  it,  so  that  I  could  not  see  the  coal. 
This  bed  occurs  at  a  lower  level  than  that  at  the  foot  of  Coal  Moun- 
tain. I  should  judge  it  to  be  a  low^er  coal  and  very  probably  the 
representative  of  the  Brazos  coal-bed.  Its  thickness  is  very  uncer- 
tain ;  it  was  variously  reported  to  me  to  be  from  1  to  6  feet  thick. 
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8.  On  Mr.  P.  F.  Pascall's  farm,  two  and  a  half  miles  southwest 
of  Crystal  Falls,  a  well  lias  recently  been  dug,  and  I  was  fortunate 
enough  to  obtain  a  record  from  the  well-digger.  The  well  was  dug 
39  feet  deep,  and  a  drill-hole  10  feet  deep  was  sunk  below  the  bottom 
of  the  well.     The  following  is  a  section  of  the  well : 


Fig.  6. 
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I  believe  the  lower  coal-bed  which  was  pierced  by 
Brazos  coal-bed.  The  upper  coal,  which  is  found 
black  slate,  is  very  possibly  the  thin  coal  which  is 
general  section  underneath  the  Belknap  coal-bed.  I 
put  this  construction  upon  the  well  record  from  an 
the  rock  exposures  and  topography  in  the  immediate 
Pascal  1  farm. 
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The  most  important  outcrop  visited  in  Stephens  County  was  tliat 
of  the  Brazos  coal-seam  in  the  bed  of  the  Clear  Fork  of  the  Brazos 
River  in  the  eastern  part  of  the  Johnson  tract,  four  and  a  half  miles 
northwest  of  Crystal  Falls.  The  coal  lies  3  to  4  feet  under  the  sur- 
face of  the  water  in  the  bed  of  the  creek,  and  is  variously  reported 
to  be  from  5  to  7  feet  thick.  The  coal  has  been  worked  by  prying 
large  cubical  blocks  apart  by  a  long  crowbar  and  raising  the  blocks 
on  to  rafts  by  divers  or  tongs.  The  elevation  of  the  top  of  the 
coal  is  1075  feet.  Forty-five  ieet  above  the  top  of  the  coal  in  the 
creek,  which  I  have  named  the  Brazos  b(?d,  and  on  the  south  side  of 
the  stream,  is  seen  an  imperfect  outcrop  of  a  coal  which  is  prob- 
ably the  re})resentative  of  the  Belknap  bed.     The  following  is  the 

section  : 

Fig.  7. 
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A  hard  massive  gray  limestone  is  found  in  the  bed  of  the  Clear 
Fork  at  Crystal  Falls;  in  fact,  it  is  the  limestone  which  forms  the 
natural  fall  of  4  feet  10  inches  which  has  given  a  name  to  the  place. 
This  limestone  underlies  the  Brazos  coal-bed  and  is  probably  the 
base  of  the  coal  measures.  The  top  of  the  limestone  is  only  exposed 
in  the  northern  part  of  Stephens  County.  By  glancing  over  the  ele- 
vations of  the  Belknap  bed  in  the  vicinity  of  Crystal  Falls  we  see 
that  the  bed  is  nearly  horizontal.  The  lowest  point  where  it  was 
found  was  at  the  Ballard  opening  on  the  Pinkney  tract. 

The  Brazos  coal-bed  if  it  has  an  extended  area  should  be  found  at 
Crystal  Falls  above  the  level  of  the  creek,  as  the  limestone  in  the 
creek  occurs  below  the  coal. 

The  area  under  which  we  might  expect  to  find  the  Belknap  and 
Brazos  coals  is  very  great.  I  found  the  limestone  which  occurs 
under  the  latter  coal  but  a  short  distance  west  of  Weatherford.  The 
top  of  the  limestone  is  not  reached  until  we  approach  the  Brazos 
River  in  Northern  Palo  Pinto  County.  Here  the  sandstone  which 
is  found  over  the  Belknap  coal-bed  shows  itself  in  the  tops  of  the 
hills  from  100  to  200  feet  above  the  bottom  of  the  valleys.  If  the 
coal-beds  should  be  found  on  these  hills  the  area  would  be  too 
limited  to  make  a  development  profitable.  In  Eastern  Stephens 
County  the  sandstone  is  found  more  universally  underlying  the 
surface. 

Going  south  from  Crystal  Falls  to  Breckenridge  the  topography 
resembles  very  much  that  in  the  eastern  part  of  the  county.  The 
limestone  for  the  most  part  is  below  the  surface,  and  the  topographical 
features  are  formed  by  the  sandstone. 

From  Crystal  Falls  to  Belknap,  I  found  the  sandstone  generally 
beneath  the  surface  until  we  descended  into  the  valley  of  the  Brazos 
River,  about  three  miles  southwest  of  Fort  Belknap.  There  is  no 
evidence  against  the  existence  of  both  the  Belknap  and  Brazos  coal- 
beds  under  most  of  the  plateau  between  Crystal  Falls  and  Belknap. 
The  Belknap  coal  has  been  opened  on  several  places  on  Whiskey 
Run,  one  and  a  half  miles  northwest  of  the  settlement.  About  half 
a  mile  from  the  mouth  of  the  run  the  following  section  is  exposed : 
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Fig.  8. 
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The  bottom  of  the  coal-bed  is  45  feet  vertically  below  the  town 
tavern  and  50  feet  above  the  bottom  of  the  Brazos  River.  An  indi^ 
cation  of  a  coal-bed  8  or  9  feet  above  the  Belknap  bed  is  seen  on 
Whiskey  Run.  It  is  possibly  the  same  coal  that  was  found  above 
the  Belknap  bed  in  the  vicinity  of  Crystal  Falls. 

A  coal-bed  has  been  opened  at  one  time  on  the  Brazos  River  near  the 
mouth  of  Whiskey  Run  and  30  to  35  feet  vertically  below  the  Bel- 
knap bed.  I  did  not  see  this  bed  exposed.  It  was  reported  to  me 
to  be  2  to  3  feet  thick  and  of  better  quality  than  the  upper  bed.  I 
was  informed  by  the  blacksmith  at  Fort  Belknap  that  he  had  picked 
blocks  of  coal  out  of  the  bed  of  the  river  which  had  come  from  this 
lower  coal-bed,  which  may  prov^e  to  be  the  Brazos. 

The  elevation  of  the  Belknap  bed  at  Fort  Belknap  is  about  the 
same  as  it  is  at  Crystal  Falls,  so  that  the  coal -strata  lie  very  nearly 
horizontal  between  the  two  places. 

The  Belknap  bed  is  opened  two  and  a  half  miles  from  the  mouth 
of  a  small  stream  which  empties  into  Salt  Creek  nine  miles  north  of 
Graham.  The  coal  is  2J  feet  in  thickness  and  has  all  the  charac- 
teristics of  the  Belknap  bed.  Most  of  the  territory  lying  between 
Belknap  and  Graham,  and  Graham  and  Crystal  Falls,  is  under- 
laid by  the  Belknap  and  Brazos  coal-beds.  Whether  they  will 
ever  prove  to  be  workable  commercial  coal-beds  in  all  this  territory 
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can  only  be  determined  by  actual  tests  and  openings  made  on  the 
beds. 

The  Brazos  coal-field  extends  south  to  the  Colorado  River.  There 
are  many  conflicting  reports  as  to  its  boundaries.  I  gathered  no 
facts  outside  of  the  immediate  territory  examined,  so  that  I  am  not 
prepared  to  express  an  opinion  as  to  its  definite  limits. 

Coal  has  been  reported  to  have  been  found  in  Ej  Paso  and  Pre- 
sidio counties  along  the  Rio  Grande,  but  nothing  has  been  authen- 
tically stated  as  to  the  extent  of  the  areas  or  the  value  of  the  beds. 

Tertiary  lignites,  or  lignitic  coals,  are  said  to  exist  in  the  following 
counties :  Rush,  Harrison,  Cass,  Grayson,  Bastrop,  Fayette,  Cald- 
well, and  Guadalupe. 

Resume. — The  Brazos  coal-field  is  the  southwestern  limit  of  the 
Missourian  or  Fourth  bituminous  coal  basin  of  the  United  States. 
The  coal-measures  of  Stephens  and  Young  counties  belong  to  the 
Carboniferous  Age.  The  coal-strata  proper  are  85  feet  thick,  and  are 
included  between  an  upper  sandstone  and  conglomerate,  representa- 
tive of  the  Millstone  Grit  or  Pottsville  conglomerate.  No.  XII  of  the 
Pennsylvania  series,  and  a  lower  gray  limestone  representative  of  the 
Mountain  limestone  or  Chester  and  St.  Louis  limestone  of  the  Mis- 
sissippi Valley.  The  coal-strata  contain  two  coal-beds  of  workable 
thickness.  The  upper  bed,  named  Belknap,  ranges  from  2J  to  4  feet, 
and  the  lower,  named  Brazos,  from  4  to  6  feet.  The  coals  are  high 
in  ash  and  sulphur,  but  have  never  been  thoroughly  tested.  The 
Brazos  bed  underlies  a  great  area,  and  will  no  doubt  prove  to  be  a 
valuable  commercial  coal  in  some  localities. 


NEW  METHOD   OF  MAPPING   THE  ANTHRACITE  COAL- 
FIELDS OF  PENNSYLVANIA. 

BY   CHAKLES   A.    ASHBURNER,    PniLADELPIIIA.^ 

During  the  early  part  of  August,  1880,  I  was  directed  by  Prof. 
J.  P.  Lesley,  State  Geologist,  to  assume  charge  of  the  geology  and 
mapping  of  the  Second  Geological  Survey  of  the  anthracite  coal- 
fields. I  visited  the  region  unincumbered  by  any  instructions 
other  than  this, — that  I  should  submit  a  plan  for  making  the  sur- 

*  In  the  practical  application  of  this  method  I  wish  to  acknowledge  the  valu- 
able aid  rendered  by  my  assistant,  Mr.  A.  W.  Sheafer. 
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vey  and  of  representing,  in  a  practical  way,  by  means  of  maps  and 
charts,  the  geological  structure  of  the  coal-basins. 

The  methods  which  have  been  previously  em{)loyed,  of  represent- 
ing the  general  geological  features  did  not  seem  to  meet  the  demands 
of  the  engineer  and  operator  of  the  anthracite  mines.  In  order  to 
make  the  work  of  practical  value  in  coal-mining,  it  became  neces- 
sary to  devise  some  way  of  mapping  the  general  structure  of  the 
basins  and  the  minute  details  of  the  individual  coal-beds.  The  mine 
maps  of  the  region  are  so  accurate  and  complete  that  it  would  be 
folly  for  any  governmental  survey  to  attempt,  with  the  limited 
means  at  its  disposal,  to  inform  the  individual  operators  or  mine- 
owners  of  any  of  the  characteristics  of  the  developed  areas  of  their 
coal-beds,  which  should  be  dependent  upon  accurate  mine  surveys.* 

It  became  evident  that  it  would  be  useless  for  the  State  to  do  any 
work  unless  it  should  be  new  and  original,  and  give  the  anthracite 
interests  information  in  the  form  of  reports,  maps,  and  sections,  which 
were  not  already  extant,  and  which  should  have  a  direct  bearing 
upon  the  mining  problems  involved  in  the  future  development  of 
the  coal-basins. 

There  are  wanted  better  and  more  accurate  maps,  and  better  and 
more  accurate  sections,  both  vertical  and  columnar,  of  the  coal-strata 
than  those  that  are  now  within  the  reach  of  the  public. f     It  must 

*  Next  to  the  surveys  made  by  the  United  States  Coast  Survey,  the  mine  surveys 
in  the  anthracite  region  are  without  doubt  the  most  accurate  of  any  of  the 
extended  surveys  which  have  been  made  in  America.  I  do  not  make  this  asser- 
tion without  a  thorough  knowledge  and  appreciation  of  the  other  classes  of 
work  which  have  been  done  by  the  Government  and  by  individuals  in  the  United 
States.  The  surveys  are  made  with  the  vernier,  and  the  State  law  requires  them 
to  be  carried  to  the  face  of  the  gangways  and  breasts  and  plotted  to  a  scale  of  100 
feet  to  1  inch  every  6  months. 

f  About  two  months  after  the  work  was  commenced  it  was  judged  advisable 
to  publish  a  geological  map  of  Schuylkill  County,  to  accompany  the  maps,  drawn 
to  a  scale  of  2  miles  to  1  inch,  of  the  counties  already  completed  It  was  thought 
that  a  map  of  this  small  scale  could  be  easily  and  suflSciently  accurately  con- 
structed from  the  following  maps:  Professor  Rogers's  Map  of  the  Anthracite 
Coal-Fields,  1858,  Map  of  the  First  and  Second  Anthracite  Coal-basins,  published 
by  the  Philadelphia  and  Heading  Railroad  Co.,  1879,  and  Straucli  and  Cochran's 
Map  of  the  Anthracite  Coal-fields,  1879.  I  reduced  each  one  of  these  maps  to  a 
uniform  scale  of  2  miles  to  1  inch,  and  upon  reproducing  them  on  one  sheet,  I 
was  very  much  surprised  to  find  that  there  was  no  agreement  between  the  geo- 
logical lines  limiting  the  coal-basins.  Each  one  of  these  three  naaps  is  considered 
to  be  authoritative,  as  showing  on  a  small  scale  the  position  of  the  coal-basins, 
yet  they  all  difler.  I  was  obliged  to  abandon  the  construction  of  the  county  map. 
I  mention  this  fact  in  order  to  convey  some  idea  of  the  accuracy  of  the  besi  maps 
which  are  published. 
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be  remembered  that  although  the  law  requires  the  mine  surveys  to 
be  acco-rately  made  and  plotted,  these  maps  are  on  a  very  large 
scale,  are  only  of  individual  collieries,  are  disconnected,  and  are 
not  accessible  to  the  public.  In  some  localities  the  mine-owners  and 
operators  deem  it  necessary  for  the  protection  of  their  interests  to 
hold  many  important  and  general  geological  facts  out  of  the  reach  of 
operators  developing  adjoining  tracts.  In  order  to  collect,  examine, 
systematize,  and  publish  such  valuable  facts  as  shall  be  demanded 
by  general  interests,  without  jeopardizing  the  interests  of  the  mine- 
owners,  it  is  necessary  that  the  work  be  done  confidentially  by  dis- 
interested parties.  None  can  so  well  inspire  the  confidence  of  the 
mine-owners,  and  so  well  execute  the  work,  as  competent  engineers 
and  geologists  employed  by  the  State. 

The  demands  which  it  seemed  necessary  to  meet  were  threefold : 
First,  to  collect  all  the  mining  information  concerning  each  col- 
liery, such  as  the  elevation  of  the  coal  outcrops,  the  dip  and  strike 
of  the  coal-bed,  the  thickness  of  the  bed  and  its  stratigraphical  rela- 
tions, the  area  which  is  exhausted  and  under  development,  and  any 
special  details  connected  with  the  methods  of  mining;  second,  to 
represent  the  geological  structure  of  the  areas  where  the  position  of 
the  beds  is  known,  either  by  actual  workings  in  the  beds  or 
through  tunnels,  shafts,  and  drill-holes:  and  third,  to  represent  the 
most  probable  structure  of  the  areas  undeveloped  or  unexplored. 

In  order  to  classify  these  facts  in  the  most  practical  way  for  ready 
reference  and  use,  it  will  be  necessary  to  place  them  on  maps  whose 
scale  shall  be  sufficiently  large  to  allow  of  measurements  being  taken 
directly  from  them.  To  accomplish  these  objects,  careful,  consci- 
entious work  will  be  required.  I  have  estimated,  in  a  general 
way,  that  it  will  cost  the  State  between  $40,000  and  $50,000  for 
the  field  and  office  work  connected  with  the  geological  mapping 
almie. 

To  the  practical  anthracite  mining  engineer  the  question  suggests 
itself:  Will  the  advantages  to  be  derived  from  such  a  survey  plan 
warrant  the  necessary  expenditure  by  the  State  to  carry  it  out?  I 
can  readily  appreciate  the  grounds  upon  which  such  a  query  would 
be  based,  for  the  same  question  has  been  put  to  me  a  number  of 
times  by  some  of  the  mining  engineers  in  the  region.  I  can  con- 
ceive of  no  better  answer  to  this  question  than  to  relate  the  sub- 
stance of  interviews  had  with  two  of  the  most  prominent  engineers 
connected  with  coal-mining  in  the  United  States.  One  is  a  past  pres- 
ident of  the  Institute,  a  large  individual  operator,  and  an  engineer 
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who,  I  can  confidently  assert,  has  made  the  most  careful,  systematic, 
and  thorough  mine  surveys  in  the  State;  the  other  gentleman  has 
been  up  to  the  present  time  the  associate  mining  engineer  of  our 
hirgest  anthracite  eoal-mining  company.  Both  of  these  gentlemen 
when  consulted  prior  to  the  commencement  of  the  work  doubted 
whether  it  would  be  possible  for  the  State  Survey  to  arrive  at 
any  results  which  had  not  already  been  attained  by  the  mine 
engineers,  and  whether  the  Survey  could  publish  any  information 
which  would  be  of  practical  value,  and  which  would  guide  the  mine 
operators  and  superintendents  to  a  more  economical  and  better 
method  of  mining. 

The  system  of  mapping  which  I  am  about  to  explain,  and  which 
has  been  approved  by  the  State  Geologist  and  Board  of  Commis- 
sioners, was  first  attempted  in  the  office  of  one  of  the  gentlemen 
referred  to.  For  several  days,  during  my  absence  in  a  distant  part 
of  the  field,  one  of  my  assistants  was  engaged  in  mapping  an  area 
in  the  Pottsville  Basin;  on  my  return  I  found  that  the  gentleman 
in  whose  office  the  work  was  being  done  had  himself  been  mapping 
a  difficult  area.  When  I  met  him,  he  expressed  no  little  surprise  at 
what  might  be  accomplished  by  the  method,  and  assured  me  that  if 
this  plan  of  mapping  was  extended  over  the  entire  coal-field  it  would 
be  quite  possible  for  the  Survey  to  teach  the  colliery  managers  much 
of  [)ractical  value  about  the  local  geological  structure  of  their  coal 
tracts. 

I  had  an  interview  with  the  other  gentleman  referred  to  for 
a  second  time  after  the  completion  of  the  Mahanoy-Shenandoah 
sheet.  The  underground  contoured  map,  constructed  to  a  scale  of 
300  feet  to  1  inch,  was  critically  examined  in  conjunction  with  the 
mine  map  of  the  same  scale.  After  expressing  delight  with  the 
system  ado})ted,  I  was  assured  that  if  the  State  should  undertake 
such  work,  the  maps  would  be  among  the  most  valuable  and  prac- 
tical of  any  of  the  results  obtained  by  the  Geological  Survey. 

The  general  method  which  has  been  adopted  may  be  briefly  stated 
as  follows : 

It  is  proposed  to  publish  maps  of  all  the  coal-basins  on  sheets 
drawn  to  a  scale  of  800  feet  to  1  inch  (-9gV"o  nature),  each  sheet  to 
cover  an  area  of  about  fifteen  square  miles.  On  these  sheets  will  be 
represented  : 

SURFACE  FEATURES. 

1.  Railroads. 

2.  County  roads. 
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3.  Streams. 

4.  Outcrop  of  coal-beds. 

5.  Limit  of  coal-measures. 

6.  Towns,  coal-breakers,  etc. 

UNDERGROUND    FEATURES. 

1.  Underground  contour-curve  lines  of  the  most  extensively  de- 
veloped coal-bed  in  the  individual  districts  (Mammoth  bed  princi- 
pally).    Contours  50  feet  vertically  apart. 

2.  Area  worked  out  and  area  under  development  of  contoured 
bed. 

3.  Gangways,  tunnels,  adits,  airways,  etc.,*  of  the  contoured  bed 
in  a  conventional  color. 

4.  Gangways,  tunnels,  adits,  airways,  etc.,  of  beds  overlying  and 
underlying  the  contoured  bed  represented  by  a  conventional  color 
and  line  for  each  bed. 

A  map  containing  these  facts  will  be  of  the  greatest  value ;  it  will 
show  : 

1.  Area  of  coal-basins. 

2.  The  area  of  the  individual  bed  3  worked  out  and  under  de- 
velopment. 

3.  Area  of  the  coal-basins  undeveloped. 

4.  The  structure  of  the  basins  where  worked,  with  their  rate  of 
rise  and  fall  in  the  centre. 

.    5.  The  amount  of  coal  available  at  different  depths. 

6.  The  most  probable  structure  of  the  undeveloped  areas. 

The  hypotheses  and  generalizations  will  be  distinctly  stated  as 
such,  and  will  be  boldly  separated  fr^ra  the  known  facts. 

This  system  of  representing  underground  structure  in  sedimentary 
beds  was  originated  in  America  some  twenty-five  years  ago  by  Pro- 
fessor Lesley.  It  was  first  employed  in  private  reports  for  showing 
the  structure  of  coal  and  iron  properties.  Professor  Lesley  has  made 
constant  use  of  the  method  wherever  possible  in  his  professional 
practice.  Since  the  commencement  of  the  Second  Geological  Survey 
several  maps  have  been  constructed  for  the  exhibition  of  special 
structural  features.  Mr.  Benjamin  Smith  Lyman  has  constructed 
underground  contours  on  several  maps  of  his  private  American  sur- 

*  On  tlie  map  published  in  report  A'^  this  material  relating  to  tlie  Mammoth  bed 
was  not  defined ;  it  has,  however,  been  decided  to  add  it  on  future  published  maps 
of  the  Anthracite  Survey. 
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veys,  and  more  recently  has  introduced  the  same  method  into  the 
Imperial  surveys  of  Japan.  In  most  of  these  cases  the  contours 
have  been  hirgely  sketched,  being  constructed  on  the  basis  of  gen- 
eralizations rather  than  absohite  facts.  Within  the  last  two  or  three 
years,  Mr.  Eckley  B.  Coxe  has  used  such  contours,  to  a  limited 
extent,  for  the  definition  of  local  mine  dips. 

The  first  time  the  system  has  been  employed  on  an  extensive 
scale  lias  been  in  the  construction  of  the  mining  geological  sheets 
of  the  anthracite  coal-field.  The  data  which  are  available  for  con- 
structing these  maps  are  very  extensive  and  very  accurate.  I  have 
found  the  method  to  furnish  the  best  means  for  interpreting  the 
geological  structure  and  the  best  way  of  representing  it,  so  that  in 
this  the  demands  of  the  geological  investigator  are  satisfied.  At 
the  same  time  that  this  end  is  accomplished,  the  facts  relating  to  the 
structure  of  the  coal-bed  in  the  mines  and  adjoining  undeveloped 
tracts  are  best  classified  and  placed  in  such  a  form  as  to  be  of  prac- 
tical use  to  the  mine  superintendent  and  engineer. 

In  the  course  of  constructing  the  map  in  the  vicinity  of  Shenandoah 
and  Mahanoy  City  (Plate  I),  many  interesting  problems  in  structural 
geology  were  suggested.  Some  of  them  were  solved  by  descriptive 
geometry,  others  mathematically. 

At  some  future  meeting  of  the  Institute  I  hope  to  be  able  to  dis- 
cuss at  length  some  of  the  difficulties  encountered,  the  means  by 
which  they  were  solved,  and  the  bearing  which  they  will  have  upon 
our  present  views  of  structural  geology.  At  present  it  is  my  pur- 
pose to  describe  this  system  of  mapping  rather  than  to  attempt  an 
exhaustive  discussion  of  the  ways  and  means. 

On  the  map  accompanying  this  paper  (Plate  No.  I)  I  have  merely 
shown  the  contour  of  the  floor  of  the  Mammoth  bed  in  curves  50 
feet  vertically  apart.  For  the  additional  information  relating  to  the 
plan  of  the  mines,  tlie  area  which  is  worked  over  in  each  bed,  ex- 
plored and  undeveloped,  reference  must  be  had  to  the  more  detailed 
publications  of  the  Geological  Survey.*  I  simply  wish  to  give  the 
members  of  the  Institute  a  description  of  the  method  which  I  have 
devised,  with  a  few  of  its  results  and  advantages. 

The  plan  of  construction  was  as  follows  :  First,  the  surface  and 
underground  elevations  were  reduced  to  a  common  datum.  In  the 
case  of  the  Mahanoy  and  Shenandoah  sheet  the  datum  of  levels 
used  is  4000  feet  below  tide.     A  sheet  of  tracing  linen  was  placed 

*  See  map  accompanying  report  A'^  on  Coal  Waste. 
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directly  over  a  map  of  the  mines,  drawn  to  a  scale  of  300  feet  to  1 
inch.  The  outcrop  of  the  Mammoth  bed  was  first  drawn  in.  This 
was  determined  from  outcropping  points,  from  the  position  of  air- 
holes, slopes,  adits,  and  vertical  sections  through  the  mine  works. 
The  surface  and  underground  elevations  were  then  placed  in  posi- 
tion. After  this,  contour  curves  were  constructed  through  the  area 
of  the  Mammoth  bed  worked  out  and  under  development.  The 
structure  of  that  portion  of  the  Mammoth  bed  was  next  defined  which 
has  not  been  worked,  but  which  is  overlaid  or  underlaid  by  mines 
in  overlying  or  underlying  beds.  In  the  Mahanoy  and  Shenandoah 
districts  the  gangways  have  nearly  a  universal  grade  of  about  6 
inches  in  every  100  feet  of  length,  so  that  a  single  instrumental 
elevation  in  a  gangway  afforded  a  means  of  computing  the  ap- 
proximate elevation  at  any  point.  Where  but  few  elevations  have 
been  determined,  having  a  careful  record  of  dip  in  a  breast  or 
slope  between  successive  lifts  in  the  mines,  the  levels  were  ex- 
tended sufficiently  accurately  for  the  construction  of  50- foot  contour 
curves. 

In  the  first  case  the  area  where,  the  bottom  bench  of  the  Mam- 
moth bed  is  worked  out  and  under  development  is  indicated  by 
shading-lines  drawn  in  a  northwest  and  southeast  direction,  and  of 
the  top  bench  by  similar  lines  having  a  northeast  and  southwest 
direction  ;  the  contours  show  the  absolutely  known  structure  of  the 
bed. 

In  the  second  case  the  gangways,  slopes,  airways,  adits,  and 
shafts  belonging  to  the  beds  over  or  underlying  the  Mammoth  bed 
are  represented,*  so  that  the  contours  of  the  Mammoth  bed  below 
or  above  these  workings,  and  which  have  been  constructed  from 
them,  show  the  approximately  correct  structure  of  the  contoured  bed. 

In  the  third  case,  the  contoured  area  of  the  Mammoth  bed  lying 
between  these  two  distinctly  marked  areas  indicates  the  most  prob- 
able structure  of  that  portion  of  the  coal-basins  yet  unexplored.  No 
attempt  has  been  made  to  classify  these  two  latter  areas  on  the  accom- 
panying sheet.f 

By  this  method  of  classifying  and  representing  the  mining  and 
geological  facts  upon  one  map,  the  structure  of  the  basins,  which  is 
absolutely  known,  is  distinctly  separated  from  the  structure  which  is 
hypothecated. 

*  These  latter  facts  have  not  been  placed  on  the  map  accompanying  this  jmper. 
I  This  map  was  reduced  by  photography  by  Mr.  Julias  Bien,  of  New  York, 
from  the  original  drawn  to  a  scale  of  300^  =  V. 
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For  ijistance,  in  the  first  case  cited  the  structure  indicated  is  actual, 
as  it  is  determined  from  instrumental  levels  obtained  in  the  mines. 
In  the  second  case,  the  accuracy  of  the  structure  shown  is  dependent 
upon  the  parallelism  of  the  Mammoth  bed  with  the  beds  which  are 
being  worked  in  mines  above  or  below  the  unworked  Mammoth 
bed.  In  the  third  case,  the  contours  have  been  drawn  in  hyi)otheti- 
cally  and  are  only  provisional.  The  structure  which  is,  however, 
indicated  in  the  third  case  is  worthy  of  consideration,  as  it  is  deduced 
from  the  greatest  number  of  facts  in  surrounding  areas  which  it 
was  possible  to  obtain. 

The  information  which  a  geological  mining  map  constructed  by 
this  system  contains,  relative  to  the  coal-bed  which  is  contoured, 
may  be  classified  under  the  following  heads: 

1.  Elevation  above  tide  of  the  coal  outcrop. 

2.  Dip  of  the  bed. 

3.  Strike  of  the  bed. 

4.  Depth  of  the  coal-basins. 

5.  Rate  of  fall  or  rise  of  the  basins  along  their  axes. 

6.  Position  of  the  synclinals  and  anticlinal  crests  in  the  coal-bed. 

7.  Data  from  which  a  vertical  cross-section  of  the  bed  may  be 
made  at  any  point  across  the  basins. 

8.  Data  from  which  the  absolute  surface  area  of  the  coal-bed  may 
be  obtained,  and  the  coal  tonnage  of  any  special  section  estimated. 

1.  In  order  to  obtain  the  elevation  of  the  outcrop  at  every  point, 
it  is  necessary  that  the  bed  should  be  contoured  on  a  topographical 
map  of  the  surface,  as  a  basis. 

2.  The  horizontal  distance  between  the  contour  curves  represents 
the  cosine  of  the  angle  of  dip. 

To  avoid  overloading  the  map  the  degree  of  dip  is  not  recorded 
in  figures.  The  degree  may,  however,  be  readily  determined  by 
reference  to  the  table  given  on  Plate  No.  I,  in  which  the  relation  is 
shown  existing  between  the  distance  between  the  contour  curves,  to 
a  scale  of  1000  feet  to  1  inch,  and  the  degree  of  dip  of  the  coal-bed.* 

3.  The  direction  of  the  contour  curves  shows  the  direction  of  the 
gangways  which  have  already  been  driven,  or  the  most  probable 
direction  which  approximately  level  gangways  w^ill  assume  if  driven 
beyond  the  present  developed  area. 

4.  The  most  probable  depth  of  the  coal-basins  can  be  better  esti- 

*  The  scale  which  has  been  adopted  for  the  survey  sheets  is  800  feet  to  1  inch, 
while  the  scale  of  the  accompanying  illustations  is  1000  feet  to  1  inch. 
VOL.  IX. — 33 
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mated  by  this  method  of  construction  than  by  any  other.  T,o  illus- 
trate this  statement  I  wish  to  call  attention  to  my  determination  of 
the  depth  of  the  Mahanoy  basin,  especially  at  that  point  lying  be- 
tween the  Draper  and  Gilberton  collieries,  along  section  line  No.  2. 
The  workings  on  the  south  side  of  the  basin  in  the  Draper  colliery 
extend  down  to  a  depth  of  700  feet  above  tide  (4700  contour  curve); 
on  the  north  side  the  elevation  of  the  lowest  working  in  the  Gilber- 
ton colliery  is  about  650  feet  (4650  contour  curve);  the  horizontal 
distance  between  these  lowest  workings  nearest  section  line  No.  2  is 
1900  feet.  Having  only  these  facts  at  hand  the  most  natural  way 
of  determining  the  depth  of  the  basin  would  be  to  continue  the  dip 
line  in  each  colliery  down  to  their  point  of  intersection,  and  to  con- 
sider the  strata  at  the  bottom  of  the  basin  to  curve  gently  between 
the  two  dip  lines  as  tangents,  and  above  their  point  of  intersection. 
By  this  method  the  bottom  of  the  basin  would  be  about  250  feet 
below  tide.     This  seemed  to  be  an  excessive  depth. 

After  the  contouring  of  the  Mahanoy  basin  from  Mahanoy  City 
west  to  Bear  Run  colliery  had  been  comi)leted,  vertical  cross-sections 
of  the  Mammoth  bed  were  constructed  across  the  basin  800  feet  apart 
between  the  two  localities.  It  was  found,  that  in  order  that  the 
general  structural  features  which  the  sections  showed  east  of  Bear 
Run  should  continue  to  the  west  of  this  colliery,  as  they  probably  do y 
the  bottom  of  the  basin  would  not  pass  much  below  the  tidal  plane. 

If  this  conclusion  were  accepted,  several  explanations  might  be 
suorirested  of  the  structure  of  the  Mammoth  bed  in  the  centre  of  the 
basin.  There  might  be  one  or  more  anticlinals  in  the  centre  of  the 
main  basin,  or  the  dip  of  the  coal-bed  between  the  lowest  workings 
in  the  two  mines  and  the  bottom  of  the  basin  might  be  less  than  the 
dip  of  the  coal-bed  in  either  of  the  mines.  An  anticlinal  was  first 
hypothecated,  and  the  contour  curves  drawn  in  to  represent  it. 
When  vertical  sections  were  constructed  across  the  anticlinal,  the 
structure  was  found  to  be  entirely  dissimilar  from  that  throughout 
the  other  portions  of  the  Mahanoy  basin,  and  as  there  were  no  facts 
to  directly  indicate  it,  the  latter  hypothesis  of  lower  dips  was  as- 
sumed ;  this  was  found  to  better  satisfy  all  conditions:  the  construc- 
tion upon  the  map  Plate  No.  I  has  been  made  in  accordance  with  it. 

There  seems  to  be  no  universal  law  as  to  the  sequence  of  dip  in  a 
coal-bed,  from  its  outcrop  to  the  bottom  of  the  basin.  In  many 
cases  the  degree  of  dip  seems  to  increase  as  we  descend  on  the  bed. 
This  is  more  often  found  to  be  the  case  near  the  outcrop  than  the  cen- 
tre of  the  basin.     In  the  slope  of  the  Stanton  colliery  the  Mammoth 
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bed  dips  47  degrees  near  the  outcrop.  The  dip  at  the  first  gang- 
way 312  feet  vertically  below  the  top  of  the  slope  is  57  degrees. 
Between  the  first  and  second  gangways  the  dip  is  66J  degrees.  The 
difference  in  vertical  height  is  281  feet.  Below  the  second  gangway 
the  dip  is  70  degrees;  midway  between  the  second  and  third  gang- 
ways it  is  65  degrees,  while  at  the  latter  gangway  it  is  67  degrees. 
The  third  gangway  is  271  feet  below  the  second.  I  cite  this  case  to 
show  that  the  structure  which  I  have  adopted  for  this  portion  of  the 
Mahanoy  basin  may  not  be  the  best.  I  believe,  however,  that  since 
the  bottom  gangways  on  either  side  of  the  basin  are  so  very  much 
nearer  the  synclinal  axis  than  the  outcrop  at  the  Stanton  slope,  that 
the  dip  of  the  bed  below  the  lowest  gangways  should  decrease,  as  I 
have  indicated  by  the  contour  curves  on  the  map. 

5.  The  rate  of  fall  and  rise  of  the  basins  along  their  axes  is  a  verv 
important  fact  to  determine  in  order  to  locate  mining  works,  to 
develop  the  deepest  portions  of  the  basins.  This  special  feature  is 
admirably  shown  in  the  contour  of  the  Ellangowan  basin.  The 
structure  of  this  basin  is,  probably,  more  interesting  than  that  of 
any  basin  in  the  Second  anthracite  field.  The  deepest  part  is  directly 
under  Bear  Run,  at  the  point  where  it  crosses  the  axis.  From  this 
point  it  rises  rapidly  both  east  and  west.  To  the  east  it  bifurcates 
into  two  smaller  and  shallower  basins,  separated  by  a  high,  broad 
anticlinal.  To  the  west  the  basin  rises  very  rapidly,  and  ends  in 
the  Bear  Ridge  overturn.  The  William  Penn  colliery  basin,  which 
lies  to  the  north  of  Bear  Ridge,  has  been  confused  with  both  the 
Ellangowan  and  Shenandoah  basins.  As  may  be  observed  from  the 
map  it  is  a  separate  and  independent  basin. 

6.  It  is  a  well-known  fact  to  the  practical  mining  geologist  that  the 
position  of  the  crest  of  an  anticlinal  in  a  coal-bed  is  not  necessarily 
vertically  under  the  position  of  the  anticlinal  axis  of  the  overlying 
and  outcropping  strata.  Where  the  dip  on  both  sides  of  the  anti- 
clinal is  the  same,  such  necessarily  follows.  Where  the  axial  plane 
of  the  anticlinal  is  inclined,  the  axis  in  the  outcropping  strata  may 
be  many  feet  one  side  or  the  other  of  a  vertical  plane  passing  through 
the  axis  in  the  coal-bed.  The  distance  depends  upon  the  inclination 
of  the  anticlinal  and  the  depth  of  the  coal-bed  below  the  surface. 
The  anticlinal  separating  the  Shenandoah  and  Ellangowan  basins 
in  the  vicinity  of  the  Yatesville  colliery  illustrates  this  fact.  The 
Shenandoah  and  Bear  Ridge  overturns  are  extreme  cases,  illustrat- 
ing the  difference  in  the  position  of  the  synclinal  axis  in  the  coal- 
bed  and  outcropping  rocks. 
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7.  It  is  apparent  that  a  vertical  section  of  the  contoured  coal-bed 
may  be  constructed  directly  from  the  curves,  running  across  the  basin 
in  any  direction.  The  position  on  the  section  plane  of  the  over  and 
underlying  strata  may  be  located  from  columnar  sections. 

8.  One  of  the  most  important  applications  of  this  method  of  con- 
struction is  the  estimation  of  the  absolute  areas  of  the  coal-beds 
under  any  given  tract,  and  consequently  its  coal  tonnage.  It  is 
readily  perceived  that,  when  the  contoured  surface  of  the  bed  is  de- 
veloped or  ironed  out  into  a  horizontal  plane,  allowance  will  have 
been  made  for  every  degree  of  dip  which  the  bed  possesses  in  its 
true  position,  and  the  real  area  of  the  bed  on  the  flat  will  be  shown. 

The  method  of  construction  employed  for  the  accompanying  sheet 
(Plate  III)  of  portions  of  the  Shenandoah,  Ellangowan,  and  Ma- 
hanoy  basins  was  as  follows:  Vertical  cross-sections  of  the  floor  of 
the  Mammoth  bed  were  constructed  to  a  scale  of  800  feet  to  1  inch, 
horizontal  and  vertical,  800  feet  apart  throughout  the  entire  basin. 
Five  of  these  sections  are  shown  on  Plate  II,  constructed  along  the 
lines  1,  2,  3,  4,  and  5  respectively  of  Plate  I.  Twenty-eight  such 
sections  were  constructed  across  that  portion  of  the  three  coal-basins 
represented  on  Plate  I.  Each  one  of  these  individual  section  lines 
along  the  floor  of  the  Mammoth  bed  was  developed  into  a  straight 
line.  The  development  was  made  on  either  side  of  a  vertical  plane 
which  bisected  the  area  of  the  sheet,  as  nearly  as  could  be,  between 
the  outcropping  limits  of  the  Mammoth  bed.*  The  developed  posi- 
tion of  the  point  of  outcrop  on  each  section  was  connected  by  a 
broken  line  with  the  point  on  the  same  outcrop  on  the  adjoining  sec- 
tion lines.  In  this  way  the  developed  areas  of  the  coal-bed  on  the 
regular  dips,  on  the  overturned  dips,  and  the  area  of  the  coal  which 
has  been  eroded  were  inclosed.  On  Plate  III  are  shown  the  de- 
velopment of  each  individual  section  and  the  area  of  the  bed.  The 
area  of  the  bed  eroded  is  indicated  by  north  and  south  shading  lines, 
of  the  bed  on  overturned  dipsby  shading  lines  running  northeast  and 

*  The  position  assumed  for  the  vertical  plane  is  purely  arbitrary.  No  matter 
what  may  be  the  relative  position  of  the  developed  sections  the  resulting  areas 
will  in  every  possible  case  be  the  same.  If  the  points  of  outcrop  on  the  sec- 
tion lines  should  be  connected  by  straight  lines  the  area  between  any  two  sections 
would  represent  a  trapezoid  ;  the  sides  formed  by  the  section  lines  would  always 
remain  the  same  length  and  the  same  vertical  distance  apart,  and  the  area  of  the 
trapezoid  would  remain  constant,  no  matter  what  might  be  the  relative  position 
of  the  section  lines,  so  long  as  they  remained  parallel  and  800  feet  (in  this  case) 
apart.  The  sections  are  best  developed  on  either  side  of  a  central  plane  passing 
through  the  coal  tract,  and  then  the  shape  of  the  developed  area  of  the  coal-bed 
will  most  nearly  resemble  the  shape  of  the  tract. 
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southwest.     The  unshaded  portion  of  the  sheet  shows  the  areas  of 
the  bed  having  regular  dips. 

The  tables  give  the  areas,  which  are  placed  directly  on  the  face  of 
Plate  III.* 


Shenandoah 
Basiii. 

ElUmgowayi 
Basm. 


Mnhanoy 
Basin. 


REGULAR   DIPPING   MAMMOTH   BED. 

[  Surface  area  =  1132  acres  =  1.77  square  miles. 
-j  Developed  area  =  1425  acres  =  2.23  square  miles. 
I    Ratio  surface  area  to  developed  area,  1  :  1.259. 

j  Surface  area  =  19r)4  acres  =  3  07  square  miles. 
\  Developed  area  =  2300  acres  =  3.59  square  miles. 
I    Katio  surface  area  to  developed  area,  1  :  1.171. 

Surface  area  =  1163  acres  =  1.82  square  miles. 
Developed  area  =  1604  acres  =  2.51  square  miles. 
Ratio  surface  area  to  developed  area,  1  :  1.379. 


OVERTURNED    MAMMOTH    BED. 

Shenandoah  overturyi,  ....     181  acres. 

Bear  Ridge  overturn^  .         ....       54  acres. 


ERODED   MAMMOTH   BED. 

Near  Shenandoah,  ...... 

On  Bear  Ridge,       ...... 

North  of  Mahanoy  City,  .... 

Between  Ellangowan  and  Mahanoy  basins,    . 


289  acres. 

92  acres. 

Ill  acres. 

174  acres. 

27  acres. 
148  acres. 


TOTALS. 


Regular  dip- 
ping coal. 


Surface  area,        4259  acres  =  6.66  square  miles. 
-    Developed  area,  5329  acres  =  8  33  square  miles. 
Average  ratio,  1  :  1.251. 

Overturned  coal,  ...  ...     235  acres. 

Eroded  coal,         .         .         .         .         .         .841  acres. 

*  In  the  first  edition  [subject  to  revision)  of  this  paper  the  areas  which  were 
tabulated  were  computed  by  one  of  my  assistants,  Mr.  H.  I.  Moyer,  Recently  I 
have  had  occasion  to  use  Amsler's  planimeter  for  the  measurement  of  areas.  I 
find  it  works  with  great  precision,  and  is  a  much  more  accurate  and  rapid  way 
of  estimating  the  areas  than  that  previously'  employed,  of  dividing  the  area  up 
into  triangles  and  parallelograms.  Since  the  first  computations  the  outcrop  of 
the  bed  has  been  slightly  changed,  from  additional  facts  which  have  been  ob- 
tained, and  the  areas  which  are  now  given  should  replace  those  published  in  the 
first  edition.  The  figures  in  the  accompanying  table  are  the  mean  results  ob- 
tained from  three  determinations  by  the  planimeter.  From  a  series  of  tests 
which  I  have  made  as  to  the  accuracy  of  planimeter  determinations  I  find  that 
the  error  lies  within  the  following  limits:  minus  i^^^^ths  of  one  per  cent.,  and 
plus  Y(jVths  of  one  per  cent. 
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The  coal  tonnage  which  any  particular  tract  or  basin  is  capable  of 
producing  can  be  readily  determined  by  multiplying  the  number  of 
acres  in  the  given  tract  or  basin  by  the  number  of  tons  which  expe- 
rience teaches  us  can  be  produced  from  an  acre  of  a  coal-bed  of  a 
given  thickness  and  known  character.  Those  engineers  in  the  an- 
thracite region  who  have  had  very  much  experience  in  estimating 
the  area  of  coal-beds  and  the  tonnage  which  they  are  capable  of  pro- 
ducing to  a  given  area  will,  I  think,  accord  to  this  method  greater 
accuracy  than  the  approximating  and  averaging  methods  which 
have  been  so  long  and  generally  used. 


BUBNISHIJSTG  AND  DUCTILIZING   STEEL. 

BY  JACOB  REESE,    PITTSBURGH,    PA. 

I  HAVE  discovered  a  new  method  by  which  steel  and  other  metals 
may  be  burnished  by  the  automatic  action  of  the  burnishing  machine. 

Fin.  1. 


^'  G'  C>  ^^ 

and  by  which  the  cost  is  greatly  diminished,  and  more  perfect  work 
produced.    And  in  addition  to  the  polishing  and  burnishing  action  of 
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the  new  process,  I  have  discovered  that  by  a  certain  practice  in  the 
process  of  burnishing,  the  metal  under  treatment  may  be  perma- 


FiG.  2. 


nently  increased  in  diameter  of  its  cross-section,  and  its  ductility  in- 
creased from  30  to  90  per  cent.,  at  a  temperature  ranging  from  60° 
to  250°  Fahr. 

Fig.  3. 


The  machine  is  shown  in  the  accompanying  drawings.    Fig.  1  is  a 
top  view  of  a  continuous  disk-machine.  Fig.  2  is  an  end  elevation  of 


Fig.  4. 


the  same,  Fig.  3  is  a  top  view  of  a  set  of  conical  disks,  and  Fig.  4 
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is  a  diagram,  showing  the  working-face  of  one  disk  and  the  back  of 
another.    Like  letters  refer  to  like  parts  wherever  they  occur. 

The  series  of  disks,  which  in  the  present  instance  are  six  in 
number,  are  arranged  so  that  they  all  operate  upon  the  bar  at  one 
and  the  same  time.  The  faces  of  the  disks  are  slightly  conical,  and 
the  centres  of  the  faces  are  turned  concave,  so  that  the  working-face 
of  each  disk  extends  from  the  edge  of  the  periphery  to  the  outer 
edge  or  line  of  the  concave  portion  of  the  disk.  The  disks  are  of 
two  sizes,  the  larger  being  about  sixteen  inches  in  diameter  and  the 
smaller  about  fourteen  inches.  The  large  disks,  A  A'  A'\  are  placed 
upon  the  same  side  of  the  working-line,  and  the  small  disks  a  a'  a^ 
are  placed  on  the  opposite  side,  the  object  being  to  secure  a  down- 
ward bite  upon  the  bar  by  the  large  disks  and  an  upward  by  the 
small  disks,  thereby  keeping  the  bar  down  firmly  on  to  the  rests. 
These  disks  are  mounted  on  suitable  shafts,  B  B'  B"^  and  6  b'  6^, 
which  are  set  in  the  standards  or  housings,  C  and  C ,  in  such  a  man- 
ner that  the  large  and  small  disks  are  not  directly  opposite  to  each 
other,  but  bear  such  relative  positions  as  will  bring  the  outer  edge 
of  the  working-face  of  each  disk  directly  opposite  to  the  inner  line 
of  the  working-face  of  the  adjacent  disk.  This  arrangement  is  not 
absolutely  necessary,  but  renders  the  construction  simpler  than  other 
modes  of  arrangement. 

The  disk-shafts  are  provided  with  pinions,  D  D'  D^  and  d  d^  d^, 
which  mesh  into  idlers  or  pinions  mounted  on  shafts,  which  are  set 
into  the  standards  between  each  pair  of  disks.  It  is  necessary  to 
have  idlers  for  the  disk-pinions  to  mesh  into,  because  if  they  were 
to  mesh  into  and  communicate  motion  directly  to  each  other  every 
other  disk  on  the  same  side  of  the  working-line  would  revolve  in  an 
opposite  direction,  and  consequently  prevent  the  mechanism  from 
working. 

E  JS'  are  end  housings,  provided  with  suitable  adjusting-screws 
for  the  purpose  of  setting  the  machine  for  any  given  size  of  work,  to 
adjust  the  disk-faces  in  a  parallel  line  and  regulate  the  pressure  upon 
the  metal  under  treatment.  F  indicates  the  main  driving-shaft, 
which  is  provided  with  pinions,  G,  g,  which  mesh  into  the  central 
disk-pinions,  D  d.  H  IF  H^  indicate  rests,  which  are  set  in  line 
beneath  and  between  the  disk-faces.  These  guides  or  rests  are 
slightly  less  in  width  than  the  diameter  of  the  piece  of  metal  to  be 
operated  upon,  and  for  ordinary  work  they  are  adjusted  to  keep  the 
centre  of  the  bar  a  little  below  the  centre  of  the  disks,  that  being 
necessary  in  order  that  the  resultant  action  of  the  forces  exerted  by 
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the  movement  of  the  disks  may  cause  the  bar  to  feed  forward  as  it 
rotates.  Tlie  forward  speed  will  depend  upon  the  altitude  of  the 
rests  in  relation  to  the  disk-centres,  and  if  they  are  adjusted  so  that 
the  centre  of  the  bar  is  on  the  same  line  as  the  centre  of  the  disks  it 
will  rotate,  but  without  forward  or  backward  motion.  If  the  rests 
are  adjusted  to  throw  the  centre  of  the  bar  above  the  centre  of  the 
disks,  it  will  have  a  backward  movement  as  it  rotates. 

When  power  is  applied  to  the  main  shaft,  F,  to  rotate  the  same  the 
pinions,  G  g^  communicate  motion  to  the  central  disk-pinions,  D  d, 
which  turn  the  idlers,  and  thus  communicate  motion  to  the  other 
disk-pinions,  causing  all  the  disks  to  rotate  uniformly.  In  order  to 
fit  these  disks  for  burnishing  and  ductilizing  iron  and  steel  it  is 
necessary  that  their  working-faces  should  be  trued  and  highly  pol- 
ished, and  this  I  accomplish  in  the  following  manner: 

The  machine  having  been  adjusted  for  any  given  size  of  work  and 
the  guides  or  rests  being  in  a  line  and  adjusted  to  the  proper  height, 
I  take  a  square  piece  of  hard  wood  of  suitable  thickness  and  place  it 
upon  a  rest  in  front  of  the  machine.  The  disk-faces  are  then  oiled  and 
sprinkled  with  emery,  and  finally  the  block  is  entered  between  the 
disk-faces,  when  it  will  be  caught  and  drawn  slowly  forward,  thus 
truing  and  polishing  the  entire  train  of  working-faces  at  one  and  the 
same  time,  and  also  polishing  and  truing  the  working-faces  of  the 
rests.  The  machinery  is  now  capable  of  burnishing  and  ductilizing 
the  metal  when  properly  adjusted  for  that  purpose,  and  this  adjust- 
ment is  a  matter  which  will  require  considerable  skill  and  care  upon 
the  part  of  the  operator,  as  a  degree  of  pressure  is  necessary  in  some 
cases  which  would  be  entirely  inadmissible  in  others. 

By  referring  to  the  drawings  it  will  be  readily  understood  that 
when  the  rests  are  adjusted  to  any  given  height  the  feeding  of  the 
bar  will  be  uniform  and  constant,  and  therefore  the  only  method  of 
increasing  and  decreasing  the  frictional  action  upon  the  surface  of 
the  metal  will  be  by  regulating  the  pressure  as  occasion  may  require. 
The  greater  the  friction  the  greater  will  be  the  tractive  force  which 
tends  to  draw  or  film  the  surface  of  the  metal.  The  ability  of  the 
metal  to  resist  this  drawing  force  depends  upon  the  attraction  of 
cohesion  of  its  particles.  This  varies  in  different  metals  and  in  the 
same  metals  at  different  temperatures,  being  greatest  at  the  lowest 
and  least  at  the  highest  temperature  ;  and  in  iron  and  steel  it  de- 
pends greatly  upon  the  amount  of  carbon  in  combination  w^ith  the 
metal.  Now,  it  is  evident  that  when  the  bar  is  put  into  the  machine 
its  temperature  will  be  gradually  raised  by  the  frictional  action  at 
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each  successive  pass,  and  therefore  become  less  and  less  able  to  resist 
the  tractive  force,  and  that  as  its  temperature  increases  the  metal 
will  gradually  expand  in  diameter,  so  that  if  all  the  faces  are  pre- 
viously adjusted  to  exactly  the  same  distance  apart,  not  only  will 
the  metal  become  less  able  to  resist  the  tractive  or  drawing  force, 
but  the  increased  temperature  of  the  metals  will,  by  causing  such 
expansion,  develop  more  pressure  and  frictional  tractive  force,  so 
that  the  metal  will  then  be  very  liable  to  draw  or  scab.  The  disk- 
fiices  should  therefore  be  so  adjusted  as  to  bring  the  greatest  pressure 
at  the  first  pass,  and  to  apply  a  little  less  at  each  successive  pass 
until  the  burnished  bar  is  completed. 

In  conducting  the  operation  the  object  is  to  secure  sufficient 
pressure  to  compress  the  inequalities  and  to  develop  enough  fric- 
tional or  tractive  force  to  overcouie  the  attraction  of  cohesion  of  the 
particles  composing  the  scale  on  the  surface  of  the  metal,  yet  not 
enough  to  overcome  the  force  of  cohesion  of  the  particles  which  will 
then  form  the  surface  of  the  metal  itself.  If  the  metal  has  a  great 
force  of  cohesion  and  does  not  possess  a  tough,  tenacious  scale, 
this  may  be  readily  effected;  but  where  the  conditions  are  opposite 
great  care  must  be  had  and  a  constant  watch  kept  for  signs  of  film- 
ing. Therefore,  as  it  is  imperatively  necessary  that  certain  degrees 
only  of  pressure,  frictional  action,  and  tractive  force  be  applied  or 
developed  upon  the  surface  of  the  metal,  it  is  necessary,  first,  that 
the  metal  should  have  been  previously  rolled  to  an  exact  or  uniform 
gauge,  so  that  when  burnishing  an  undue  amount  of  pressure  may 
not  be  developed  upon  its  surface  at  any  point;  secondly,  as  the 
ability  of  the  metal  to  resist  the  tractive  force  is  less  when  at  high 
temperatures,  it  should  be  operated  upon  when  in  a  cold  state,  or  at 
a  temperature  not  exceeding  500°  F. 

The  machine  beino;  in  condition,  havino;  its  workino;-faces  trued 
and  polished,  and  the  metal  having  been  properly  prepared  by  roll- 
ing to  an  exact  gauge,  a  test-bar  may  be  entered  and  the  working- 
faces  gradually  tightened  up  after  each  pass  until  a  point  is  reached 
at  which  the  films  begin  to  show  upon  its  surface.  This  is  an  indi- 
cation that  the  pressure  is  too  great,  and  the  tightening-screws 
should  be  relieved  a  little  and  the  test-bar  again  entered,  a  careful 
watch  being  kept  for  further  filming.  If  none  appears  the  machine 
is  properly  adjusted  for  that  sized  bar;  but  if  films  still  continue  to 
form,  the  pressure  must  be  further  decreased  until  a  point  is  reached 
at  which  no  films  are  formed.  It  is  not  necessary,  however,  that  the 
machine  should  always  be  adjusted  in  the  manner  just  described,  as 
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burnished  bars  may  be  sometimes  produced  although  a  very  light 
pressure  is  used,  as,  for  instance,  wiiere  the  scale  upon  the  metal  is 
not  tenacious  and  the  surface  of  the  metal  is  very  smooth  ;  but  in  all 
cases  the  pressure  will  be  light  in  comparison  with  that  which  is 
required  for  rolling,  and  extremely  light  when  compared  with  that 
required  for  cold-rolling.  I  am  unable  to  give  the  required  degree 
which  will  be  necessary  in  all  cases,  as  I  find  that  the  pressure  varies 
upon  any  given  point  according  to  the  difference  in  the  diameters  of 
the  bars  operated  upon,  the  larger  diameters  burnishing  under  heavier 
pressure  than  the  smaller ;  and,  moreover,  the  pressure  upon  any  given 
point  may  vary  accordingly  as  the  width  of  the  burnish ing-faces  used 
varies.  The  wider  the  disk-faces  the  greater  will  be  the  amount  of 
frictional  action  and  tractive  force  upon  any  given  part  of  the  bar  in  any 
given  time,  and  consequently  the  less  must  be  the  pressure.  The  con- 
verseof  the  proposition  is  also  true,viz.,thenarrower  the  disk-faces  the 
less  the  frictional  action  and  the  greater  the  pressure  admissible ;  but 
the  working-faces  must  never  be  made  very  narrow,  as  in  such  case 
so  great  a  pressure  would  be  required  to  develop  the  frictional  action 
which  is  necessary  that  the  operation  would  be  entirely  changed, and 
cause  a  reduction  of  the  metal  and  displacement  of  its  particles,  as  in 
rolling.  Finally,  I  find  that  the  pressure  may  vary  with  the  differ- 
ent temperatures  and  natures  of  the  metal  operated  upon.  There- 
fore, no  precise  rule  can  be  adhered  to  for  all  cases,  except,  first,  to 
have  all  stock  previously  rolled  to  a  uniform  gauge;  secondly,  to 
have  all  the  burnishing-faces  turned  perfectly  true  with  a  high  polish  ; 
thirdly,  to  have  the  burnishing-faces  constructed  of  sufficient  width  to 
develop  a  sufficient  amount  of  frictional  action  when  a  light  pressure  is 
applied.  Then  feed  the  bar  at  a  proper  temperature,  and  apply  the 
pressure  from  an  exceedingly  light  one  to  the  highest  the  metal  will 
stand  without  filming. 

The  machine  being  in  the  condition  specified  and  adjusted  as  spe- 
cified, rough  bars  of  metal  in  a  coid  state  are  inserted,  one  at  a  time, 
between  the  receiving-disks.  They  are  caught,  rotated  rapidly,  and 
drawn  forward,  travelling  with  a  speed  of  from  one  to  sixty  feet  per 
minute,  according  to  the  size  of  the  bar,  height  of  the  rests,  and  speed 
at  which  tiie  disks  rotate,  and  are  delivered  perfectly  straight,  of  a 
true  cylindrical  form  and  highly  burnished.  In  some  cases,  however, 
when  the  bars  are  of  a  large  diameter,  and  are  covered  with  a  tough, 
tenacious  scale,  additional  passes  may  be  required  to  accomplish  this 
result. 

When  burnishing  cold   metallic   bars   I  prefer  to  place  narrow 
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pans,  containing  petroleum  or  other  oil,  beneath  the  second  and 
third  pair  of  disks.  These  pans  are  of  sufficient  size  to  contain  the 
required  quantity  of  oil,  and  are  shaped  so  as  to  form  a  sheath  or 
trough,  in  which  the  lower  portions  of  the  disks  revolve.  The  effect 
of  the  application  of  the  oil  is  to  prevent  the  working-faces  of  the 
disks  from  scratching  and  marring,  and  it  also  has  a  certain  effect 
upon  the  finished  product,  of  which  I  shall  speak  hereafter. 

When  it  is  designed  to  straighten  and  burnish  metal  directly  as  it 
comes  from  the  rolls  during  its  manufacture,  the  process  should  be 
the  same  as  before  specified,  except  that  the  metal  should  be  allowed 
to  cool  to  a  dark-red  heat,  and  a  considerable  quantity  of  water 
should  be  let  upon  the  first  set  of  disks  and  upon  the  bar,  to  reduce 
the  temperature  of  the  metal  to  the  proper  degree,  so  that  in  its  rapid 
contraction  the  scale  will  be  loosened.  A  steam  or  air  blast  should 
be  used  to  carry  the  scale  away,  and  the  first  and  second  set  of  disks 
w^ill  then  readily  remove  any  portion  of  scale  which  may  still  adhere 
to  the  bar.  The  metal  will  then  pass  from  the  first  to  the  second  set 
of  disks,  thoroughly  cleaned  and  partially  burnished,  and  the  second 
and  third  pair  of  disks  will,  by  the  frictional  action,  which  also 
burnishes,  heat  the  surface  of  the  bar.  Consequently,  the  lighter 
components  of  the  oil  will  be  vaporized,  leaving  the  bar  coated  with 
carbonaceous  matter,  which  is  apparently  forced  into  the  pores  of  the 
metal  by  the  action  of  the  disks,  and  the  bar,  when  burnished,  is 
found  to  have  a  much  finer  appearance  than  if  it  had  been  burnished 
without  the  oil,  and  it  is  also  enabled  to  resist  oxidation  to  a  greater 
degree. 

For  the  purpose  of  illustrating  the  frictional  action  which  may  be 
obtained  by  the  employment  of  disk-rolls,  I  will  again  refer  to  the 
drawings,  in  which  Fig.  3  represents  a  top  view,  and  Fig.  4  is  a 
diagram,  of  a  set  of  disk-rolls,  the  latter  showing  the  back  of  a 
sixteen-inch  and  the  working-face  of  a  fourteen-inch  disk.  Vindi- 
cates the  concave  portion  of  the  disk-faces,  which  is  five  inches  in 
diameter  in  the  fourteen  and  seven  inches  in  diameter  in  the  sixteen- 
inch  disk.  X  indicates  the  inner  lines  or  edges  of  the  working- 
faces  ;  z  the  neutral  lines,  or  those  portions  of  the  disks  at  which 
their  rate  of  speed  when  working  is  equal  to  the  surface  speed  of  the 
bar  in  rotating ;  and  y  the  outer  edges  or  lines  of  the  working- 
faces  of  the  disks  at  their  peripheries.  It  is  well  understood  that 
the  different  portions  of  the  disk-faces  travel  at  different  rates  of 
surface  speed,  according  to  their  position  with  relation  to  the  disk- 
centres. 
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When  a  cylindrical  bar  is  fed  into  the  disks  it  will  rotate,  and,  all 
portions  of  the  surface  of  the  bar  being  at  the  same  distance  from  the 
axis  or  centre,  will  travel  at  the  same  surface  rate  of  speed,  and  as 
the  working-faces  of  the  disks  travel,  having  differential  rates  of 
surface  speed,  as  before  stated,  great  frictional  action  is  produced  on 
the  working-surface  of  the  disks  and  the  surface  of  the  bar ;  or,  in 
other  words,  this  result  follows  because  the  surface  speed  of  the  bar 
and  disk- faces  is  the  same  oidy  on  the  theoretical  or  neutral  lines 
indicated  by  the  letter  s,  the  disk-faces  travelling  at  a  gradually 
increasing  speed  from  the  neutral  line  to  the  peripheries,  and  at  a 
gradually  decreasing  speed  from  the  neutral  line  to  the  inner  lines 
of  the  working-faces  of  the  disks.  If,  therefore,  as  in  ordinary 
practice,  the  working-faces  of  the  disks  are  four  inches  in  width 
from  the  outer  to  the  inner  edges  of  the  working-faces,  the  area  of 
the  small  disk  will  be  113^ qqq-  square  inches,  and  that  of  the  large 
disk  I38j^/q^q-  square  inches,  thus  making  a  total  area  of  251  j^g^^''^ 
square  inches  of  frictional  surface  which  slips  or  rubs  over  the 
surface  of  the  bar  at  each  revolution  of  the  disks. 

In  addition  to  the  frictional  action  of  the  disk  there  is  that  of  the 
rests.  A  bar  one  and  one-eighth  inch  in  diameter  will  rotate  (the 
rests  being  at  the  proper  height)  eight  times  to  each  revolution  of 
the  disks  and  feed  forward  about  two  inches  to  each  revolution  of 
the  disks,  or  one-quarter  of  an  inch  to  each  revolution  around  its 
own  axis.  The  length  of  the  rest's  working-surface  is  usually  about 
five  inches,  so  that  the  bar  will  revolve  twenty  times  over  the  pol- 
ished surface  of  the  rest  during  the  time  any  given  portion  of  it 
passes  from  one  end  to  another  of  the  rest;  and  the  rest  acts  the  same 
as  if  the  bar  were  rotated  in  a  lathe  and  a  burnishing-tool  pressed 
against  it  with  the  same  degree  of  force  during  twenty  revolutions 
around  its  axis.  Finally,  there  is  the  frictional  action  which  arises 
from  the  forward  movement  of  the  bar  over  the  burnishing  disks 
and  rests. 

One  of  the  effects  produced  by  the  frictional  action  to  which  I 
have  referred,  or  by  the  action  of  the  heat  developed  by  the  friction, 
is  to  gradually  expand  the  metal  during  the  burnishing  operation, 
so  that  as  the  bar  travels  forward  the  pressure  will  become  aug- 
mented, unless  the  tightening-screws  are  adjusted  lighter  for  the 
latter  passes ;  and  I  have  found  that,  wdien  they  are  properly  ad- 
justed, the  metal  will  in  some  cases  retain  permanently  its  increased 
diameter,  which  I  have  found  in  all  cases  to  indicate  a  slightly  de- 
creased tensile  strength,  elastic  limit,  and  a  greatly  increased  due- 
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tility  ill  the  metal.  When,  however,  the  tightening-screws  were 
adjusted  so  as  to  compel  tiie  bar  to  retain  its  original  diameter,  I 
have  found  the  elastic  limit  and  ductility  are  the  same  as  in  the 
original  state,  and  that  the  tensile  strength  remains  almost  the  same 
as  in  the  original  state  previous  to  the  operation. 

The  following  record  of  tests  made  by  tension  shows  clearly  the 
changes  which  are  effected  in  the  physical  nature  of  the  metal  by 
the  process : 
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Nos.  459,  460,  and  461  were  cut  from  the  same  bar  of  steel.  No. 
459  was  cut  from  the  rough  end,  which  was  in  the  same  condition 
as  it  came  from  the  rolling-mill.  Nos.  460  and  461  were  bright, 
and  were  cut  from  the  end  that  had  been  burnished.  No.  459  broke 
just  above  the  top  centre  punch-mark.  No.  460  broke  between  the 
points  of  measurement.  No.  461  broke  at  the  top  centre  punch- 
mark. 

Nos.  462,  463,  and  464  were  cut  from  one  bar  of  steel,  each  end 
of  which  had  been  burnished.  No.  464  was  cut  from  the  middle  of 
the  bar,  which  was  rough  as  it  came  from  the  rolling-mill.  No.  462 
was  cut  from  one  end,  and  No.  463  from  the  other  end,  both  of  which 
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had  been  burnished.  No.  462  broke  one  and  one-half  inch  abov^e 
the  top  centre  punch-mark.  No.  463  broke  one-half  inch  below  the 
top  centre  punch-mark.  No.  464  broke  one  inch  above  the  top 
centre  punch-mark.  No.  462  did  not  break  at  its  smallest  diameter, 
which  was  midway  between  the  points  of  measurements. 

All  the  changes  or  phenomena  which  present  themselves  in  the 
finished  product  show  that  the  operation  to  which  it  has  been  sub- 
jected embodies  some  principle  which  has  never  before  shown  its 
effects  in  the  product  of  any  rolling,  hammering,  or  compressing 
operation,  nor  in  the  product  of  any  burnishing,  brightening,  or 
polishing  operation  known  heretofore  to  the  art  of  metallurgy.  For 
instance,  that  indicated  by  the  permanent  increase  in  the  diameter 
of  the  metal,  although  at  the  time  it  is  confined  between  parallel 
surfaces  and  under  pressure,  the  operation  being  conducted  so  that 
the  heat  developed  does  not  generally  exceed  250°  Fahrenheit,  which 
would  not  be  sufficient,  no  matter  how  long  Continued,  to  anneal  or 
ductilize  heavy  cold  bars  of  steel  by  any  known  process. 

When  steel  is  required  for  structural  purposes  it  must  be  able  to 
resist  concussion,  sudden  shocks,  rapid  vibration,  and  deflection, 
and  give  due  warning,  before  final  rupture  takes  place,  by  elongat- 
ing within  certain  degrees.  Consequently,  heretofore,  the  steel  has 
been  made  low  in  carbon  to  secure  the  required  ductility,  and  there- 
fore possessed  a  low  tensile  strength.  This  steel  is  annealed  after 
its  manufacture,  to  bring  it  back  to  its  normal  condition,  and  destroy 
in  a  measure  the  effects  produced  in  its  physical  structure  by  the  ordi- 
nary rolling  operation,  since  all  rolling,  hammering,  and  drawing 
leave  the  physical  structure  of  the  metal  in  an  abnormal  condition, 
producing  hardness,  brittleness,  and  liability  to  rupture  from  con- 
cussion, vibration,  or  rapid  deflection. 

Annealing  steel  reduces  its  ability  to  resist  tensile,  compressive, 
and  torsional  strain,  as  well  as  its  elastic  limit,  and  increases  its 
elongation  or  ductility.  It  is  a  slow  operation,  lasting  generally 
from  five  to  twenty-four  hours,  and  leaves  the  metal  covered  with 
scale.  By  my  process  the  ductility  of  the  metal  may  be  greatly 
increased  without  the  formation  of  a  scale  upon  its  surface,  and  in  a 
very  rapid  manner.  In  comparing  it  with  ordinary  annealing  opera- 
tions the  following  facts  become  apparent: 

First.  As  the  metal  is  previously  rolled  to  an  exact  size,  and  the 
disk-faces  are  adjusted  to  exert  exactly  the  same  degree  of  pressure 
and  frictional  action  upon  all  parts  of  the  bar,  the  ductility  of  the 
metal  should  be  constant  and  uniform  at  all  points,  whereas  in  an- 
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nealing  the  temperature  of  the  furnace  varies  at  different  parts,  con- 
sequently the  metal  cannot  be  uniformly  annealed. 

Second.  As  the  bars  are  all  of  the  same  size  previous  to  the  bur- 
nishing operations,  the  same  degree  of  ductilizing  action  should  be 
had  upon  each,  and  consequently  they  should  all  be  regularly  duc- 
tilized,  whereas  in  annealing  the  process  is  not  automatic,  and  the 
bars  are  charged  and  drawn  by  hand,  so  that  they  are  exposed  to 
heat  for  irregular  periods  of  time. 

Third.  The  ductilizing  effect  is  produced  by  this  process  at  a  heat 
never  exceeding  500°  Fahrenheit,  and  this  is  too  low  to  deprive  the 
bar  of  carbon  ;  or,  if  it  does  so  to  any  extent,  it  does  it  uniformly, 
whereas  in  annealing  the  bar  loses  considerable  carbon,  and  loses  it 
unequally,  so  that  not  only  is  the  tensile  strength  reduced  consider- 
ably, but  it  varies  at  different  points  of  the  bar. 

Fourth.  As  the  ductilizing  of  the  metal  is  constant  and  uniform, 
its  internal  strains  should  be  regularly  and  uniformly  relieved, 
whereas  in  annealing  the  temperature  always  varies  in  different 
parts  of  the  bar;  hence  its  internal  strains  should  be  irregularly 
relieved. 

Fifth.  As  the  temperature  in  this  process  is  very  low  and  uniform 
upon  all  parts  of  the  bar  it  remains  perfectly  straight  in  cooling, 
whereas  in  annealing  the  high  and  uneven  temperature  of  the  metal 
causes  it  to  warp  and  become  distorted  in  cooling. 

Sixth.  By  this  process  I  am  enabled  to  ductilize  metal  at  the  rate 
of  one  foot  per  second  to  one  foot  per  minute,  whereas  annealing 
operations  require  several  hours  or  days  for  their  completion. 

This  process  will  be  found  to  be  peculiarly  adapted  to  the  produc- 
tion of  steel  shafting,  piston-rods,  and  also  for  very  light  work,  such 
as  burnished  steel  for  pivots  for  watches,  clocks,  etc.,  in  which  latter 
case  it  is  evident  that  the  mechanism  employed  must  be  of  a  reduced 
size  suitable  for  the  work,  to  be  accomplished. 

Comparing  the  mechanical  effect  of  this  process  with  other  well- 
known  processes,  the  difference  is  very  marked.  Wrought  iron,  pos- 
sessing a  tensile  strength  of  50,000  pounds  per  square  inch,  and  an 
elastic  limit  of  30,000  pounds  per  square  inch,  and  exhibiting  an 
elongation  of  25  per  cent.,  will,  when  cold-rolled  by  the  Lauth  pro- 
cess, possess  a  tensile  strength  of  68,600  pounds,  and  an  elastic  limit 
of  59,600  pounds,  but  the  ductility  is  reduced  to  an  elongation  of 
6  per  cent.  When  such  cold-rolled  iron  is  annealed  it  is  found  to 
possess  a  tensile  strength  of  48,700  pounds,  an  elastic  limit  of  32,000, 
and  an  elongation  of  15  per  cent. 
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Professor  K.  H.  Thurston,  in  his  paper  on  "  Mechanical  Treatment 
of  Metals,"*  said  :  "All  known  and  actwally  practiced  methods  of  so 
altering  the  character  of  the  metals  usee]  by  the  engineer,  involve, 
directly  or  indirectly,  the  elevation  of  the  original  elastic  limit  of 
the  material."  In  this  process,  however,  the  elastic  limit  is  slightly 
reduced. 

In  conclusion  I  would  add,  that  the  phenomena  exhibited  in  this 
process  invite  further  research  into  the  laws  of  molecular  physics^ 


DISCUSSION  ON  STEEL  EAILS.f 

AsHBEL  \yELCH,  Lambertyille,  N.  J. :  Dr.  Dudley  has  given 
the  wear  of  steel  rails  under  four  different  conditions.  He  arrives 
at  the  conclusion  that  the  softer  rails,  or  those  that  from  their 
composition  ought  to  be  softer,  wear  better  than  the  harder. 
But  there  is  another  condition  which  has  an  important  bearing 
on  the  subject,  and  should  not  be  overlooked, — the  weight  on  a 
wheel.  With  the  lighter  weights  of  the  past,  the  softer  rails  may 
have  worn  best;  with  the  heavier  weights  of  the  future,  the  harder 
may  wear  best.  Weights  will  probably  be  increased  up  to  the 
capacity  of  steel  to  bear ;  then  doubtless  the  harder  steel  will  wear 
best. 

A  leaden  rail  with  ten  pounds  on  a  wheel  might  carry  millions  of 
tons,  but  with  one  hundred  pounds  on  a  wheel,  it  w^ould  be  destroyed 
by  a  few  thousand  tons.  So  in  the  days  of  iron  rails,  my  experience 
was  that  the  softer  rails  under  light  machinery  stood  better  than  some 
of  the  harder;  but  under  heavy  machinery  the  softer  were  much  the 
most  rapidly  destroyed.     It  is  doubtless  the  same  with  steel. 

The  pounding  motion  of  the  wheels  loosens  or  spreads  the  par- 
ticles of  a  thin  film  of  steel ;  the  pull   lengthwise  on  the  rail  de- 

*  Metalluro;ical  Review,  vol.  i,  page  L 

f  The  remarks  as  here  given,  as  in  the  previous  discussion  on  steel  rails, 
have  all  been  written  out  or  revised  by  the  participants  in  the  discussion,  and 
represent,  therefore,  their  mature  views.  It  has  been  thought  that  this  plan, 
when  it  can  be  carried  out  without  doing  any  of  the  speakers  injustice  in  debate, 
is  much  to  be  preferred  to  a  strictly  verbatim  report.  Tlie  remarks  of  Mr. 
Chanute  were  sent  to  the  secretary  after  the  meeting,  and  although  they  did  not 
form  a  part  of  the  actual  discussion,  there  can  be  no  doubt  oi  the  desirabilitj'  of 
including  them  in  this  report.  The  papers  under  discussion  were  "  Rail  Speci- 
fications and  Rail  Inspection  in  Europe,"  by  C.  P.  Sandberg  ;  "  The  Wearing 
Capacity  of  Steel  Rails  in  Relation  to  the  Chemical  Composition  and  Physical 
Properties,"  by  C.  B.  Dudley,  and  "Rail  Patterns,"  by  A.  L.  Holley. 

T.  M.  D.,  Secretary. 
VOL.  IX. — 34 
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taches  or  scrapes  them  off.  The  softer  the  metal  the  more  liable  the 
particles  to  spread  or  flow,  sideways ;  the  more  brittle,  the  more 
liable  the  particles  to  break  loose.  With  light  machinery  flowing 
may  be  practically  nothing,  with  heavy  machinery  it  may  be  enough 
to  wear  the  rail  out  very  rapidly.  At  a  certain  point  doubling  the 
weight  mio^ht  increase  the  flow  tenfold.  The  harder  the  metal  with- 
out  decrease  of  tenacity  or  increase  of  brittleness,  the  better  we 
should  expect  it  to  wear.  All  may  depend  on  what  is  left  in  or 
used  to  make  it  hard. 

Dr.  Dudley's  observations  give  us  incidentally  the  diiference  in 
wear  per  million  of  tons  carried,  caused  by  difference  of  weight  on 
a  wheel.  On  the  south  or  loaded  track  the  gross  tonnage  was 
8,000,000  per  annum,  on  the  north  or  light  track  5,000,000.  As 
about  the  same  number  of*  wheels  must  have  gone  one  way  as  the 
other,  the  average  weight  on  a  wheel  must  have  been  sixty  per  cent, 
more  on  the  loaded  track  than  on  the  light.  The  wear  per  million 
of  tons  gross  load,  as  found  by  summing  up  the  wear  on  each  rail, 
averages  31  per  cent,  more  on  the  loaded  than  on  the  light  track. 
So  in  this  case  the  wear  per  ton  of  gross  load  increased  as  the  0.6 
power  of  the  weight  on  a  wheel.  With  iron  rails  in  former  years 
it  increased  much  faster  than  this  rate.  As  machinery  becomes 
heavier  it  will  doubtless  increase  faster  with  steel. 

As  the  same  engines  and  tenders  with  the  same  weights  on  a  wheel 
passed  over  each  track,  and  as  the  speeds  were  probably  greatest  on 
the  light  track,  the  difference  in  wear  due  to  difference  in  weight  on 
the  freight-car  wheels  was  probably  greater  than  above  estimated. 
The  former  weights  on  a  freight-car  wheel  were  about  (20000+20000J 

=  5000  pounds.  The  weights  now  coming  into  use  are  about 
(2400Q+4Q000J  ^  gQOO  pouuds,  au  increase  of  60  per  cent,   over  the 

weights  when  the  wear  reported  took  place.  This  may  entirely 
change  the  relative  rates  of  wear  of  hard  and  soft  steel. 

Several  interesting  inferences  seem  to  be  deducible  from  Dr. 
Dudley's  observations,  but  I  confine  myself  to  the  single  point  I 
have  made.  Ten  years  ago  I  found  the  wear  of  steel  on  the  roads 
between  Philadelphia  and  I^ew  York  about  50  per  cent,  more  than 
Dr.  Dudley  found  it  on  his  road.  This  is  accounted  for  by  the 
better  roadbed  and  smaller  proportion  of  passenger  trains  at  high 
speed  on  the  Pennsylvania  Railroad,  by  the  narrow-gauge  cars  on 
wider-gauge  roads  as  it  then  was,  and  especially  by  the  steel  rails 
between  here  and  New  York  being  then  only  in  the  worst  places. 
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The  softer  Sheffield  rails  made  from  Swedish  pig  wore  better  than 
either  of  the  two  harder  kinds  I  got  from  France. 

Dr.  Dudley's  conclusion  seems  to  be  that  rails  should  approach 
the  condition  of  Bessemer  iron.  I  found  that  the  wear  of  iron  rails 
from  Bethlehem  was  about  25  per  cent,  more  than  that  of  steel  from 
Sheffield,  laid  in  the  same  track  and  under  the  same  circumstances. 
This,  however,  does  not  show  the  relative  durations  of  the  rails,  for 
steel  owing  to  its  elasticity  is  only  injured  on  the  surface,  and  will 
wear  till  it  is  reduced  to  a  skeleton  ;  while  iron  is  affected  all  through 
by  each  blow,  and  will  finally  go  to  pieces  before  it  is  worn  down. 
The  point  I  make  is,  that  though  the  softer  steel  may  have  worn 
best  under  the  lighter  machinery  of  the  past,  it  does  not  follow  that 
it  will  wear  best  under  the  heavier  machinery  of  the  future. 

The  patterns  of  steel  rails  now  displayed,  and  the  papers  of 
Mr.  Sand  berg  and  of  Mr.  Hoi  ley,  with  the  allusion  that  has  been 
made  to  the  history  of  the  now  accepted  forms,  make  it  proper  to 
give  a  short  historical  notice  of  the  first  rails  which  had  certain 
characteristics  common  to  all  these  patterns,  and  of  the  principles  on 
which  they  were  made. 

The  early  steel  rails,  copied  after  the  iron,  had  very  heavy  bases 
and  stems,  and  no  flat  surfaces  for  fishing.  One  fifth  to  one  eighth 
of  the  metal  put  into  them  did  little  or  no  good,  and  the  fish-splice, 
-then  coming  to  be  recognized  as  the  best,  could  not  be  used  to  advan- 
tage. The  useless  weight  made  steel  rails  so  expensive  that  they 
came  into  use  very  slowly.  In  1865  I  made  a  pattern  to  avoid 
these  faults,  guided  by  the  following  considerations :  The  theory 
then  was,  and  I  suppose  is  yet,  that  a  blow  on  iron  such  as  that 
given  by  a  locomotive  wheel,  is  felt  all  through  the  metal,  and 
produces  a  permanent  though  minute  disintegration  or  change 
of  form,  the  accumulations  of  which  must  in  time  weaken  and 
unweld  the  base  and  stem  as  well  as  the  head  of  the  rail,  and  so 
extra  metal  must  be  put  into  the  lower  part  of  the  rail  to  compensate 
for  this  gradual  weakening;  but  that  in  steel,  owning  to  its  elasticity, 
such  a  blow  produces  no  permanent  effect  on  the  metal  except  at  the 
surface.  Therefore  the  stem  and  base  of  steel  may  be  very  much 
lighter  than  of  iron,  not  only  on  account  of  its  greater  strength  and 
freedom  from  welds,  but  also  from  its  immunity  from  deterioration 
by  use.  Hence  all  the  metal  possible  should  be  in  the  head  where 
the  wear  is;  and  as  little  as  consistent  with  safety  in  the  stem  and 
base  where  there  is  no  wear,  and  with  steel,  no  deterioration.  In 
England,  where  the  supports  are  far  apart,  strength  and  stiffness  are 
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primary  considerations  ;  in  this  country,  where  the  supports  are 
close  together,  other  considerations  engross  attention.  The  width 
of  the  base  should  be  determined  by  the  endurance  of  the  wood  it 
is  to  set  on,  and  for  this  purpose  must  be  much  greater  than  is 
necessary  for  strength  or  to  prevent  upsetting.  Partly  from  calcu- 
lation and  partly  from  observing  the  behavior  of  iron  and  steel  in 
circumstances  somewhat  similar,  I  made  up  ray  mind  that  three- 
eighths  of  an  inch  thickness  of  stem  was  ample  to  bear  the  weights 
and  the  shocks,  vertical  and  lateral,  of  the  machinery  then  in  use ; 
and  that  an  eighth  thickness  at  the  edge  of  the  base  was  sufficient 
to  transmit  to  the  wood  all  the  pressure  its  fibres  would  bear. 

In  accordance  with  these  views,  but  conceding  something  for  the 
sake  of  al)undant  safety  and  the  facility  of  manufacture,  I  made  a 
pattern  with  4  inches  height,  4  inches  base,  head  '2|  wide  X  1 J  deep, 
stem  7-16  thick,  and  edge  of  base  3-16  thick ;  weighing  53  pounds 
to  the  yard.  Assuming  that  fishing  made  the  best  joint,  I  made 
(as  I  had  previously  done  in  very  slender  iron  rails)  the  under  side 
of  the  head  and  top  of  the  base  plane  surfaces,  as  broad  as  possible, 
so  as  to  give  a  perfect  and  broad  bearing  to  the  edges  of  the  fish- 
plates, and  as  near  horizontal  as  possible,  so  as  to  lessen  the  tendency 
of  the  fish-plate  to  work  out  by  the  jar. 

This  pattern  was  condemned  by  every  engineer  to  w^hom  it  was 
shown,  on  the  ground  that  it  was  too  weak  and  could  not  be  rolled. 
I  was  fully  aware  of  the  difficulties  of  manufacture,  but  was  con- 
fident they  could  be  overcome.  In  one  point  I  yielded  too  much  to 
the  manufacturers ;  rounding  off  the  corners  on  the  under  side  of 
the  head. 

After  long  negotiations  an  order  for  200  tons  for  trial  was  accepted 
by  Naylor  &  Co.,  in  August,  1866,  and  sent  to  England  to  be  exe- 
cuted. There  everybody  that  saw  it  condemned  it,  and  for  several 
months  John  Brown  &  Co.  refused  to  roll  a  rail  of  such  a  preposterous 
shape.  As  I  wished  to  have  an  extreme  test  of  the  correctness  of 
my  ideas,  I  insisted  on  the  performance  of  the  contract.  At  last  the 
rails  were  rolled,  tested  by  Kirkaldy  in  London,  and  in  the  spring 
of  1867  laid  down  in  some  of  the  hardest  places  between  this  city 
and  New  York.  Several  hundred  tons  of  the  same  pattern  were 
laid  the  next  season.  I  continued  to  watch  and  test  them  carefully 
for  eight  years,  and  so  far  as  I  could  find  not  one  ever  broke,  bent, 
or -compressed  in  the  stem,  or  gave  out  in  any  other  way. 

Thus  the  principles  on  which  tliis  pattern  was  made,  and  its  pro- 
portions with  the  machinery  then  in  use,  were  shown  to  be  correct 
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as  seen  from  the  consumers'  point  of  view.  It  had  as  big  a  head 
and  wore  as  long,  and  was  as  free  from  accident  as  previous  steel 
rails  twenty  per  cent,  heavier.  Some  manufacturers  in  this  country 
condemned  the  pattern  because,  without  trial,  they  believed  it  could 
not  be  safely  rolled.  But  John  Brown  &  Co.,  after  trial,  believed 
it  could  be,  and  showed  their  confidence  by  soliciting  an  order  for 
ten  thousatid  tons  more  of  the  same  pattern. 

The  principles  of  this. pattern,  with  the  proportions  slightly  modi- 
fied, were  gradually,  and  are  now  generally  adopted.  Mr.  Hinckley 
after  a  year's  observation,  adopted  the  pattern  with  a  very  slight 
addition  to  the  metal  below  the  head,  and  in  1868  relaid  one  track 
with  it  from  this  city  to  Baltimore,  where  the  rails  may  still  l)e  seen. 

In  1874  Mr.  Chanute  on  the  Erie,  and  Mr.  Say  re  on  the  Lehigh 
Valley,  simultaneously  and  without  concert,  adopted  the  sloping  sides 
of  the  head,  which  important  feature  is  now  in  general  use. 

In  1870  Sandberg's  patterns  were  published,  embodying  the  same 
principles  with  the  angles  and  proportions  slightly  different.  Whether 
he  knew  what  had  been  done  before  I  do  not  know.  Doubtless  the 
same  considerations  on  which  I  acted  occurred  to  many  others. 

As  the  machinery  is  now  much  heavier  than  in  1866,  and  steel 
not  now  so  good  as  that  made  by  John  Brown  &  Co.,  from  Swedish 
pig,  and  as  the  price  of  steel  is  very  much  lower,  a  small  saving  in 
weight  is  of  less  importance.  I  have  nothing  to  say  against  the 
somewhat  heavier  proportions  now  generally  used — for  example  J- 
inch  stem  instead  of  j'^g  and  J-inch  thickness  at  edge  of  base  in- 
stead of  /g. 

In  Sandberg's  new  patterns  of  1878,  he  has,  however,  adopted 
almost  the  identical  proportions  I  used  in  1866.  His  thickness  of 
stem  is  exactly,  and  thickness  of  the  edge  of  the  base  is  very  nearly 
the  same.  His  fishing  angle,  which  in  1870  was  22°  is  now  30° — 
mine  was  always  28°.  It  is  gratifying  to  find  that  so  able  an  engi- 
neer, after  so  wide  and  so  long  experience,  has  within  the  last  three 
years  settled  down  upon  the  proportions  I  adopted  fifteen  years  ago, 
and  which  before  they  were  tested  were  so  universally  condemned, 
especially  in  the  very  dimensions  now  adopted  by  him. 

I  think  Sandberg's  heads  are  too  convex,  and  his  bases  rather 
narrow.  In  America  bases  are  always  far  wider  than  stiffness  and 
stability  require  ;  the  practical  question  being  what  width  of  bearing 
does  the  timber  require.  Where  chestnut  ties  are  used  the  bavse 
should  be  not  less  than  four  and  a  half  inches.  There  is  therefore 
little  practical  relation  between  the  height  and  base. 
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The  old  plan  was  to  increase  every  part  of  a  rail  much  in  the 
same  proportion.  But  each  part  should  be  in  proportion  to  what  it 
has  to  do.  The  head  should  be  deep  in  proportion  to  the  amount  of 
traffic  and  the  lowness  of  the  rate  of  interest  on  its  cost.  The  body 
need  only  be  strong  enough  to  carry  the  head  after  it  is  well  worn 
down,  and  that  depends  on  the  weight  of  the  machinery,  and  in  the 
case  of  steel  has  little  to  do  with  the  volume  of  traffic,  except  so  far 
as  that  affects  weight  of  machinery.  As  on  most  railroad  systems, 
the  same  machinery  is  used  on  main  lines  with  heavy  traffic,  and 
branches  with  light,  I  suggested  in  1874  that  each  system  adopt 
the  same  body  of  rail  for  both,  and  make  the  head  deeper  on  the 
main  lines,  shallower  on  the  branches.  This  plan  was  adopted  on 
the  Pennsylvania  Railroad.  Sandberg  seems  to  recognize  this  in 
his  patterns  of  1878. 

R.  W.  Hunt,  Troy,  N.  Y.  :  Again  Dr.  Dudley  presents  to  our 
consideration  a  series  of  most  carefully  conducted  experiments,  and 
while  I  fully  appreciate  the  labor  and  thought  this  work  has  cost 
him,  I  must  still  hesitate  to  accept  his  deductions. 

This  paper  differs  from  the  previous  one  in  that  it  deals  exclusively 
with  the  wearing  qualities  of  steel  rails.  Dr.  Dudley  gives  his  reason 
for  this  change  in  the  following  statement :  "  With  the  improvement 
in  maintenance  of  way  which  has  characterized  the  Pennsylvania 
Railroad  during  the  last  five  or  six  years,  the  removal  of  rails  from 
the  track  from  the  first  two  of  these  causes  {i.  e.,  broken  and  crushed), 
has,  if  I  am  right,  quite  notably  diminished.  This  certainly  is  true 
with  regard  to  broken  rails.  And  if,  as  time  advances,  the  number 
of  crushed  rails  shall  diminish,  both  because  of  the  continued  im- 
provement in  maintenance  of  way  before  referred  to,  and  because, 
owing  to  improved  and  better  methods  at  the  steel  works,  there  are 
fewer  crushed  rails  caused  by  physical  defects  in  the  steel,  the  ques- 
tion of  the  wearing  capacity  of  steel  rails  obviously  becomes  the  all- 
important  one." 

Certainly  the  condition  of  the  roadbed  has  much  to  do  with  rails 
breaking,  crushing,  and  wearing.  If  the  Pennsylvania  and  other 
railroads  have  done  and  are  doing  their  part.  Dr.  Dudley  courteously 
admits  that  the  steel  works  have  performed  part  of  theirs.  But  as 
far  as  I  am  informed,  the  formulas  which  they  have  used  have 
been  and  are  still  quite  wide  of  the  one  he  continues  to  recommend. 
The  rails  which  are  not  breakino;  or  crushing  to  so  sfreat  an  extent  as 
formerly,  contain  higher  percentages  of  both  carbon  and  manganese. 
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I  will  venture  the  assertion  that  Dr.  Dudley's  road  has  put  in  but 
few  rails  during  the  last  eighteen  months  that  have  not  contained 
fully  0.35  per  cent,  of  carbon  and  1  per  cent,  of  manganese.  And 
probably  the  use  of  this  formula  will  considerably  antedate  the 
time  mentioned.  These  rails  do  not  break  or  crush,  because  they 
were  laid  upon  a  better  roadbed,  were  rolled  from  sounder  ingots, 
were  carefully  hot-straightened,  and,  if  I  may  be  permitted  a  Hi- 
bernianism,  were  cold-straightened  while  still  hot.  But  how  will 
they  wear?     For  an  answer  to  that  we  must  wait. 

I  have  endeavored  to  study  carefully  Dr.  Dudley's  paper,  but 
have  failed  to  be  convinced  of  the  correctness  of' the  conclusions 
which  he  draws  from  the  chemical  analyses  and  physical  tests.  I 
think  I  have  no  prejudice  in  this  matter.  The  best  formula  for  steel 
for  rails  is  as  earnestly  desired  by  me  as  by  any  consumer  of  such 
steel.  In  my  judgment  averages  in  such  investigations  are  exceed- 
ingly dangerous,  unless  made  from  an  immense  number  of  samples 
taken  from  metal  that  has  had  exactly  the  same  history.  By  this 
I  mean,  the  different  samples  ought  to  have  been  blown  at  about 
the  same  temperature,  cast  under  the  same  conditions,  heated  alike, 
rolled  at  the  same  heat,  and  under  the  same  reductions,  hot  and 
cold-finished  alike,  placed  upon  the  same  roadbed,  and  given  the 
same  amount  and  kind  of  wear.  This  is  almost  an  impracticable 
proposition,  but  the  failure  to  fulfil  it  can  only  be  compensated  by 
an  immense  number  of  other  samples. 

Some  of  us  told  Dr.  Dudley  before  that  his  twenty-five  samples 
were  too  few  upon  which  to  build  up  a  theory,  and  it  seems  a 
little  ungenerous  to  make  the  same  charge  against  his  present 
sixty-four;  but  I  must  do  it.  These  sixty-four  tests  are  not  taken 
from  rails  which  have  been  subjected  to  the  same  conditions;  on 
the  contrary,  "sixteen  of  these  rails  were  taken  from  level  tangents 
and  sixteen  from  level  curves,  eight  from  the  high  side  and  eight 
from  the  low  side  of  the  curves.  Again,  sixteen  rails  were  taken 
from  grade  tangents  and  sixteen  from  grade  curves,  eight  from  the 
high  side  and  eight  from  the  low  side  of  these  curves."  Asking 
for  so  great  a  number  of  tests  means  a  tremendous  amount  of  work 
and  patience,  but  Dr.  Dudley  has  taken  up  one  of  the  most  diffi- 
cult problems,  and  must  not  be  contented  with  a  partial  investi- 
gation. It  took  some  of  us  a  long  time  to  learn  how  to  make 
Bessemer  steel  at  all ;  he  must  not  expect  to  be  able  to  so  easily 
teach  us  how  to  make  the  best. 

To  illustrate  why  I  object  to  his  averages :    I  find  among  the 
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rails  taken  from  a  level  tangent  that  the  one  which  shows  the  least 
loss  in  section  and  the  least  wear  per  million  tons  of  traffic  had 
carbon,  0.423;  phosphorus,  0.127;  silicon,  0.083;  manganese, 
0.708;  while  another  rail  presenting  within  three  of  the  worst  re- 
sults, had  carbon,  0.428 ;  phosphorus,  0.109  ;  silicon,  0.038  ;  man- 
ganese, 0.870,  The  next  poorest  had  carbon,  0.452 ;  phosphorus, 
0.144 ;  silicon,  0.037  ;  and  manganese,  0.708, — the  manganese  being 
exactly  like  the  best.  The  poor  steel  had  also  very  slightly  the 
greatest  density.  The  difference  between  0.452  of  carbon,  and 
0.423  and  0.428  could  easily  be  caused  by  rolling  one  steel  at  a 
higher  heat  than  the  other.  Again,  on  the  low  side  of  level  curves 
I  find  the  second  best  rail  had  carbon,  0.454;  phosphorus,  0.145; 
silicon,  0.015  ;  manganese,  0.726  ;  while  the  poorest  rail  had  carbon, 
0.497;  phosphorus,  0.136;  silicon,  0.062;  manganese,  0.724.  I 
cannot  now  believe  that  the  slight  difference  in  the  chemical  constitu- 
ents of  these  rails  caused  the  great  difference  in  their  wear.  If  such 
is  the  case,  then  I  for  one  stand  appalled  at  the  difficulties  which 
surround  the  making  of  a  perfect  rail. 

As  before  stated  averages  are  dangerous.  Dr.  Dudley  makes  up  a 
formula  from  the  averages  of  his  investigations,  but  admits  that  the 
silicon  percentage  is  disturbed  by  an  abnormal  piece  of  steel  No.  881. 
This  had  carbon,  0.483 ;  phosphorus,  0.035 ;  silicon,  0.480  ;  manga- 
nese, 0.782;  and  stands  eighth  in  sixteen  tests.  It  may  be  remem- 
bered that  in  the  discussion  at  the  Baltimore  meeting  in  February, 
1879,  I  mentioned  a  rail  then  in  the  track  of  the  Boston  and  Albany 
Railroad  that  contained  carbon,  0.360;  phosphorus,  0.124;  silicon, 
0.469;  manganese,  0.571  ;  and  which  had  then  been  in  the  track 
five  years.  That  rail  is  still  in  service  and  in  good  condition.  Here 
we  have  two  rails  made  by  widely  separated  works,  laid  in  the 
tracks  of  railroads  hundreds  of  miles  apart;  one  giving  eleven  years 
and  one  month  of  service  and  then  not  worn  out,  but  on  the  con- 
trary selected  as  a  "slow-wearing  rail; "  the  other  one  good  after 
over  seven  years  of  wear.  Will  we  take  the  average  composition 
of  these  rails  which  did  not  break,  nor  crush,  nor  rapidly  wear  out, 
and  assume  that  carbon,  0.420  ;  phosphorus,  0.079  ;  silicon,  0.474  ; 
and  manganese,  0.676  is  the  proper  formula  for  rail  steel  ?  If  not, 
why  not? 

Dr.  Dudley's  averages  of  his  32  samples  of  good  wearing  rails 
gave  him  carbon,  0.334 ;  phosphorus,  0.077;  silicon,  0.060;  man- 
ganese, 0.491.  If  that  formula  is  right,  stick  to  it.  In  fact  such 
a  one  will   be   better  for  both    the   producer  and  consumer,  than 
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the  compromise  which  Dr.  Dudley  recommends.  I  think  every 
steel-maker  will  bear  me  out  in  saying  that  sound  steel  can  be  more 
easily  made  under  its  provisions  than  with  carbon  from  0.25  to 
0.35;  phosphorus,  0.10;  silicon,  0.04;  manganese  ranging  from 
0.30  to  0.40  aiming  at  0.35.  Theory  is  very  fascinating,  but  in 
practice  stubborn  facts  present  themselves,  and  with  steel  containing 
0.10  phosphorus,  and  not  more  than  0.35  manganese,  the  resulting 
ingots  would  be  very  unsound,  and  the  rail  mill  would  produce  an 
indefinite  number  of  imperfect  rails,  many  of  which  would  get  into 
service  in  defiance  of  the  most  careful  inspection  ;  the  result  being 
crushed  ends,  flat  places,  and  generally  unsatisfactory  rails.  If  low 
manganese  is  desired,  the  phosphorus  must  also  below;  0.10  per 
cent,  cannot  be  so  considered.  In  the  64  analyses  there  are  but  16 
with  the  manganese  as  low  as  0.40  and  under ;  and  only  4  of  these 
have  the  phosphorus  above  0.085;  11  being  under  0.07  and  6  under 
0.05.  The  rails  having  less  than  0.30  carbon,  with  the  exception 
of  6,  were  made  over  12  years  ago,  and  of  these  6,  one  was  made 
8  years,  one  10  years,  and  four  about  11  years  ago. 

At  the  time  all  of  these  rails,  excepting  one,  were  made,  all 
steel  was  hammered,  the  bloomino:  mill  not  havino;  been  invented. 
Under  the  hammer  it  is  possible  to  coax  steel  into  fair-appearing 
blooms,  that  would  either  go  to  pieces  or  roll  very  badly  in  the 
blooming  mill.  When  the  latter  was  introduced  the  steel  makers 
had  only  at  their  command  recarburizers  poor  in  manganese  and 
high  in  phosphorus.  Moreover  the  American  irons  were  then  even 
much  higher  in  phosphorus  than  our  chemists  told  us.  Hence  a 
great  deal  of  very  poor  steel  was  made.  By  poor  I  mean  unsound 
steel.  As  high  as  20  per  cent,  second  quality  or  defective  rails  was 
a  common  run  of  work.  While  to-day  with  better  irons,  richer 
spiegels,  and  better  melting  furnaces,  we  rarely  exceed  1  per  cent., 
and  run  for  days  at  less  than  one-half  of  that  figure,  and  this  on 
much  more  difficult  sections  than  railroad  engineers  formerly  re- 
quired. 

Just  here  let  me  ask  Dr.  Dudley  whether  he  gave  sufficient 
consideration  to  this  very  diffi^rence  of  section?  Examples  are 
presented  by  rails  902  and  903.  The  first  stands  at  the  head  of 
rails  from  the  high  side  of  curve  grade,  and  gave  upon  analysis : 
carbon,  0.322  ;  phosphorus,  0.077  ;  silicon,  0.026  ;  manganese,  0.492. 
The  second  had  carbon,  0.355;  phosphorus,  0.108 ;  silicon,  0.029; 
manganese,  0.490,  and  is  at  the  foot  of  the  list,  with  but  2  years  11 
months  service.     The  first  had  7  years  11  months  service,  and  was 
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of  the  old  rounded  head  section,  while  the  poor  one,  with  almost  the 
same  chemical  analysis,  was  of  the  square-head  pattern. 

If,  as  suggested  by  Dr.  Dudley,  even  softer  rails  are  desirable, 
there  need  not  be  any  diificulty  in  filling  such  an  order.  I  would 
be  perfectly  willing  to  contract  to  make  rails  containing  not  over, 
carbon,  0.15;  phosphorus,  0.08  ;  and  manganese,  0.50.  These  rails 
would  be  perfectly  homogeneous  and  stiffer  than  an  iron  rail  of  the 
same  section,  and  ought  therefore  to  hold  up  the  load.  The  rail- 
makers  both  in  this  country  and  England  are  now  making  steel  con- 
taining much  more  manganese  than  formerly.  These  rails  are  going 
out  of  the  mills  apparently  better  and  sounder  than  those  formerly 
made.  Time  only  will  demonstrate  whether  or  not  they  are  actually 
better. 

The  present  Troy  practice  is  to  use  irons  containing  the  least  phos- 
phorus, to  put  in  enough  carbon  to  make  strong  steel,  and  enough 
manganese  to  make  the  steel  roll  sound,  both  while  in  the  ingot  and 
the  bloom,  to  carefully  heat  the  ingots  and  resulting  blooms,  hot- 
straighten  the  rails  so  as  to  leave  the  minimum  of  work  for  the  cold 
press,  which  does  its  work  while  the  steel  is  yet  hot.  And  we 
have  to  be  yet  convinced  by  the  wear  of  our  rails  that  this  practice 
is  wrong.  For  our  tests  we  cast  a  four-inch  ingot  from  each  blow; 
this  is  hammered  into  a  |-inch  bar,  which  when  cold  is  required  to 
bend  to  at  least  a  U  by  the  blows  of  a  sledge,  this  bending  being  a 
much  severer  test  than  when  done  in  a  press.  The  steel  is  also 
quenched  in  water  and  tested  for  temper.  Drillings  are  taken  from 
the  ingot  and  accurate  carbon  determinations  made. 

I  prefer  this  plan  to  any  test  of  the  rail  ends.  To  be  perfectly 
conclusive,  such  tests  would  have  to  be  made  of  both  ends  of  the 
rail,  and  from  every  rail ;  for  one  end  might  be  overheated,  and 
the  other  not.  Some  blooms  might  be  all  right,  and  the  rest  of  the 
heat  spoilt.  In  a  mill  producing  say  9000  rails  per  week,  18,000 
rail-end  tests  would  be  no  inconsiderable  item,  particularly  if,  as 
Dr.  Dudley  proposes,  the  test-piece,  ^'12  inches  long,  IJ  inch  wide, 
^  inch  thick,"  is  to  be  slotted  from  the  web  of  the  rail.  He  would 
have  to  give  a  lease  of  the  Altoona  shops  along  with  the  rail 
contract. 

Dr.  Dudley's  theory  of  infinitesimal  teeth  is  interesting,  and,  if 
true,  I  should  prefer  having  the  teeth  of  my  rack  so  strong  that 
they  would  neither  break  off  or  flatten  down. 

As  a  matter  of  perhaps  some  interest,  I  present  two  pieces  of  Troy 
rails,  cut  ofiP  at  the  saws  from  two  rails,  not  in  the  same  heat,  and 
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tested  without  knowing  anything  of  their  chemical  composition.  I 
had  these  pieces  separately  placed  upon  10-inch  bearings  under  a 
7-gross  ton  hammer,  a  piece  of  2|-inch  round  iron  laid  upon  them 
as  a  fuller,  and  the  hammer  allowed  to  fall  from  20  inches  above 
the  fuller,  which,  according  to  Haswell,  gave  a  blow  of  67.75  gross 
tons.  Xhe  ])ieces  were  then  turned  over,  the  fuller  placed  upon  the 
convex  surface,  and  the  hammer  allowed  to  fall  from  13  inches 
above  the  fuller,  giving  a  blow  of  58.45  gross  tons.  You  will  see 
that  the  rails  do  not  show  any  signs  of  rupture,  and  their  color  at 
the  points  of  torture  prove  them  to  have  been  absolutely  cold  when 
the  test  was  made.  I  think  these  rails  ought  to  be  reasonably  safe 
in  the  track.  As  you  see  by  this  piece  of  the  head  of  one  of  these 
rails,  I  had  it  planed,  and  then  some  teeth  cut  in  it  by  a  cold  chisel, 
and  one-half  of  them  pounded  down  with  a  hammer.  The  teeth  of 
my  rack  did  not  break  off.  The  analyses  of  these  rails  subsequently 
made  are : 

I.  II. 

Carbon, 0.410  0.880 

Silicon, 0.050  0.0-58 

Phosphorus, 0.086  0.082 

Manganese, 0.942  0  840 

In  conclusion,  I  will  say  that  Dr.  Dudley's  paper  as  a  contribu- 
tion to  our  knowledge  of  steel  rails  is  valuable  and  interesting,  but 
I  protest  against  his  conclusions  being  received  as  manufacturing  or 
commercial  axioms.  From  its  being  presented  in  the  form  of  a 
report  to  the  leading  railroad  of  the  country  from  one  of  its  trusted 
officers,  as  well  as  from  the  tone  of  the  concluding  deductions,  it  is 
liable  to  be  so  received  by  railroad  men.  If  any  railroad  com- 
pany desires  rails  made  under  either  of  Dr.  Dudley's  formulas, 
and  are  willing  to  pay  a  price  large  enough  to  cover  the  loss  in 
making  them,  well  and  good ;  but  so  long  as  the  railmakers  are 
compelled  to  guarantee  the  wear  of  their  rails  for  a  given  number  of 
years,  justice  requires  that  the  composition  of  the  steel  from  which 
these  rails  are  made  should  be  left*  to  them. 

William  Sellers,  Philadelphia:  The  very  interesting  paper 
upon  the  wear  of  steel  rails  that  has  just  been  read  presents  the  record 
of  a  series  of  investigations  that  are  extremely  valuable,  and  the  de- 
duction that  has  been  drawn  from  the  results  noted  seems  to  be  un- 
avoidable; the  tests,  however,  to  which  it  is  proposed  steel  rails  shall 
be  subjected  hereafter,  with  a  view  to  determine  their  quality,  should 


540  DISCUSSION   ON   STEEL   R A  11.8. 

have  our  careful  attention,  and  with  reference  to  these  I  desire  to 
make  a  few  suggestions. 

While  the  manufacture  of  soft  steel  was  yet  in  its  infancy  it  was 
believed  that  the  presence  of  phosphorus  in  any  notable  quantity 
was  very  deleterious,  in  fact  fatal  to  the  good  quality  of  this  pro- 
duct, and  the  greatest  care  was  exercised  to  procure  materials  in 
which  this  element  could  not  be  more  than  traced.  With  the  de- 
velopment of  this  art  it  has  been  found  that  larger  and  larger  pro- 
portions of  this  hurtful  ingredient  may  be  used,  providing  always 
corresponding  changes  in  the  chemical  composition  shall  be  made  to 
accord  therewith. 

It  is  perhaps  beside  the  point  to  inquire  whether  the  earlier  belief 
was  correct  or  not,  the  fact  remains  that  steel  is  now  produced 
which  contains  much  larger  proportions  of  phosphorus  than  would 
have  been  permitted  a  very  few  years  ago,  and  that  this  steel  is  now 
considered  to  possess  qualities  which  fit  it  admirably  for  use  in  rails; 
moreover  it  is  well  known  that  the  degree  of  heat  and  the  manipu- 
lation to  which  the  ingot  is  subjected  in  transforming  it  into  the 
finished  product  has  an  important  influence  in  determining  the  char- 
acteristics that  product  will  exhibit. 

These  facts  have  an  important  bearing  upon  the  question,  what 
shall  be  the  tests  which  are  to  determine  the  quality  we  desire  to 
attain.  If  the  engineer  is  to  specify  the  chemical  composition 
and  the  mode  or  process  of  manufacture  by  which  the  manufacturer 
must  work,  it  would  seem  that  improvement  in  the  art  must  to  a 
certain  extent  be  limited,  and  a  vicious  system  would  be  intro- 
duced, injurious  alike  to  the  engineer  and  the  manufacturer.  The 
chemical  composition  has  no  value  to  the  engineer,  for  no  matter  what 
the  chemical  composition,  it  is  upon  the  physical  qualities  at  last 
that  he  must  rely  to  determine  whether  or  not  it  will  answer 
his  purpose  ;  it  should  be  his  business  therefore  to  devise  such 
physical  tests  as  will  determine  absolutely  whether  or  not  the 
quality  that  he  desires  has  been  produced,  while  the  manufacturer 
should  be  left  free  to  make  such  chemical  combinations  or  adopt 
such  processes  of  manufacture  as  will  fulfil  the  requirements  of  the 
engineer.  It  may,  however,  be  questioned  whether  the  physical 
data  we  now  possess  will  enable  us  to  agree  upon  the  physical 
tests  requisite  to  demonstrate  the  quality,  but  if  this  is  admitted  it 
only  proves  that  further  physical  data  are  needed,  for  the  quality  is 
finally  determined  by  use,  the  result  of  which  our  physical  data 
should  enable  us  to  predict.     Of  these  data  the  one  most  abundant  is 
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the  ultimate  strength,  and  next  to  this  ductih'ty,  bending,  shearing, 
punching,  torsion,  impact,  and  fatigue,  in  all  of  which,  except  the  last, 
abundant  facts  are  at  hand.  As  most  specifications  prescribe  a 
high  and  a  low  limit  for  ultimate  strength,  it  would  seem  to  be  the 
prevalent  opinion  among  engineers  that  high  or  low  steel,  as  it  is 
technically  termed,  is  to  be  determined  by  its  ultimate  strength,  and 
it  becomes  important  at  this  stage  to  define  what  quality  it  is  that 
most  accurately  defines  this  term,  that  is  to  say,  does  it  consist  in 
high  or  low  ultimate  strength,  or  in  high  or  low  ductility  relatively 
to  its  ultimate  strength.  It  is  essential  for  all  structural  uses  that 
the  engineer  should  know  upon  what  ultimate  strength  he  can  rely, 
for  upon  this  all  his  calculations  must  be  based,  but  it  is  upon  duc- 
tility that  he  must  depend  for  safety,  the  measure  of  which  he  must 
determine;  after  which,  the  higher  the  ultimate  strength  he  can 
obtain  the  better  his  material  will  be  for  any  structural  purp'ose;  that 
is  to  say,  with  a  given  ductility  the  higher  the  idtimate  strength  of 
his  material,  the  safer  it  is  and  conversely,  with  a  given  ultimate 
strength,  the  higher  the  ductility  the  safer  it  is.  High  ductility  and 
high  ultimate  strength  cannot  be  produced  except  with  the  most 
favorable  conditions,  both  as  to  chemical  composition  and  as  to  the 
mode  of  manufacture;  the  quality  is  therefore  to  be  ascertained  with 
most  certainty  by  determining  the  relation  of  the  one  to  the  other, 
and  for  the  same  reason  this  relation  would  seem  to  be  the  factor 
which  should  most  accurately  define  the  term  high  or  low,  as  applied 
to  steel ;  and  the  requirements  simply  of  an  ultimate  strength   not 

less  than pounds  per  square  inch,  with  a  ductility  not  less 

than per  cent,  would  at  once  determine  the  character  of  steel 

required  and  the  quality  of  it.  It  must  not  be  understood,  how- 
ever, that  the  determination  of  this  relation  is  the  sole  requisite  in 
determining  quality  for  every  purpose,  for  the  capacity  to  bear 
fatigue  and  shock  is  scarcely  less  important,  as  for  example,  the 
question  now  under  consideration  ;  and  although  it  is  probable  that 
the  material  which  exhibits  high  ultimate  strength  coupled  with  high 
ductility  will  prove  to  be  capable  of  enduring  the  most  fatigue  and 
shock,  w^e  cannot  affirm  that  there  is  any  definite  relation  between 
the  two,  in  fact  we  have  many  data  tending  to  show  that  such  a 
relation  does  not  exist. 

An  examination  of  the  data  wdiich  Dr.  Dudley  has  tabulated  indi- 
cates that  to  establish  the  relation  between  ultimate  strength  and 
ductility  alone  would  be  insufficient  to  determine  the  \vearing  quality 
of  rails,  so  that  these  data  must  be  supplemented  by  some  other;  this 
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other,  I  suggest,  should  be  that  of  fatigue  from  shock,  not  that  of 
simply  bending,  which  last  Dr.  Dudley  ^'  has  found  to  bear  a  closer 
relation  to  the  loss  of  metal  per  million  tons  than  any  of  the  other 
tests."  I  take  exception  to  the  classification  of  this  test  as  one  of  the 
four  ways  in  which  a  bending  test  could  be  applied.  A  rail  bent  under 
the  drop  test,  and  one  bent  in  the  testing  machine  by  pressure  slowly 
applied,  would  not  be  subjected  to  the  same  character  of  strains. 
While  a  drop  test  is  a  bending  test  it  is  also  much  more;  the  same 
number  of  degrees  of  deflection  in  the  one  case  as  in  the  other  would, 
I  think,  represent  very  different  powers  of  resistance  in  the  material 
operated  upon.  With  the  same  weight  falling  from  the  same  height 
in  properly  constructed  guides,  the  same  effect  must  be  produced  with 
every  blow.  In  fact  it  is  difficult  to  conceive  how  any  other  form  of 
test  can  produce  more  uniform  effects  or  which  can  be  more  accurately 
measured ;  the  results  may  be  more  diverse  with  such  a  test  than 
with  others  because  they  are  produced  by  pressure  and  shock, 
whereas  nearly  all  other  forms  of  testing  produce  their  results  by 
pressure  alone.  It  is  this  difference,  however,  which  commends  the 
drop  as  the  test  above  all  others  for  rails  as  being  more  analogous  to 
that  by  which  the  rail  is  tested  in  use,  and  we  should  be  well  satis- 
fied that  the  objections  urged  against  it  are  well  founded  before  we 
abandon  it  for  others  which  may  appear  to  offer  more  uniform  re- 
sults. It  may  well  be  that  uniform  results  obtained  by  a  system  of 
testing  widely  different  from  that  we  require  our  material  to  sustain 
in  use,  may  have  small  value  for  determining  in  advance  the  effect 
of  that  use.  I  am  thus  driven  to  the  conclusion  that  to  obtain  the 
relation  of  ductility  to  ultimate  strength,  together  with  the  capacity 
to  sustain  fatigue  from  shock,  would  be  to  attain  to  absolute  certainty 
as  to  the  quality  in  an  engineering  sense. 

There  are,  however,  considerations  other  than  that  of  the  tests 
which  must  have  attention  before  adopting  a  system  of  testing 
for  steel  rails,  and  as  to  these  I  would  now  make  a  few  suggestions. 
The  tests  required  to  determine  quality  in  the  directions  indicated 
are  well  understood,  but  simple  as  they  are,  the  time  that  must  be 
consumed  in  making  them,  would  result  in  serious  loss  to  the  manu- 
facturer if  his  mill  is  to  be  held  for  their  determination ;  and  if  he 
proceeds  with  the  execution  of  his  order  in  advance  he  incurs  a 
serious  responsibility  in  assuming  the  risk  of  rejection  for  the  large 
product  that  would  be  turned  out  before  the  requisite  tests  could  be 
made.  While  the  cost  of  a  test  for  ultimate  strength,  ductility,  and 
for  capacity  to  bear  fatigue  would  be  small,  the  large  number  of  such 
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tests  that  would  be  necessary  to  establish  the  quality  of  an  ordinary 
order  for  steel  rails  would  be  a  serious  item,  and  as  every  item  of  cost 
must  be  eventually  borne  by  the  consumer  it  is  important  for  the 
railway  companies  to  adopt  a  regular  system  for  testing  their  rails 
that  shall  not  only  be  the  most  expeditious  but  the  least  expensive. 
For  the  purpose  of  inspection,  therefore,  it  would  seem  to  be  sufficient 
to  adopt  a  system  that  would  be  simply  an  indication  as  to  the 
qualities  desired,  without  subjecting  the  parties  interested  to  the  cost 
and  delay  which  must  result  from  exhaustive  and  thorough  tests,  and 
upon  these  indications  the  rails  might  be  accepted.  This  would  seem 
to  accord  with  the  best  foreign  practice,  as  illustrated  by  the  very 
admirable  paper  upon  '^  R,ail  Specifications  and  Rail  Inspection  in 
Europe,'^  by  C.  P.  Sand  berg,  C.E.,  read  at  the  Lake  Superior 
meeting,  August,  1880.  There  are  two  tests  which  would  give  these 
indications  with  great  accuracy,  both  of  which  could  be  applied 
without  the  expense  and  delay  incident  to  preparation  of  specimens, 
and  both  of  which  require  comparatively  inexpensive  machinery. 
These  are  the  registering  punch  and  the  drop  test.  The  fornier  is  a 
special  tool  which  could  be  applied  upon  the  crop  ends  and  could 
be  portable;  the  latter  is  too  well  known  to  require  description,  but 
its  indications,  if  carefully  noted  would,  I  believe,  be  the  most  val- 
uable of  the  two,  but  in  conjunction  with  the  punch  they  should  be 
conclusive.  The  punching  test  would  have  this  advantage,  that  by 
its  use  an  inexpensive  indication  could  be  had  of  the  quality  of  every 
rail.  The  suggestion  that  this  test  should  be  applied  upon  the  fish- 
plate holes  has  probably  prevented  its  introduction  heretofore,  first, 
because  such  holes  are  not  now  punched,  and  second,  because  to 
make  such  registration  every  manufacturer  would  have  to  procure  a 
registering  punch,  and  this  would  be  difficult  to  apply  upon  existing 
machines.  If  this  tool  should  be  recognized  as  a  part  of  the  inspec- 
tor's outfit  and  specially  adapted  to  his  needs,  it  might  soon  come 
into  general  use  if  care  was  used  to  maintain  the  punches  and  dies 
in  good  condition. 

In  conclusion,  I  suggest  that  if  the  physical  tests  are  to  be  supple- 
mented by  chemical  analysis  the  specification  for  this  analysis  should 
not  be  complete;  that  is  to  say,  in  place  of  giving  the  proportions  of 
carbon,  phosphorus,  silicon,  and  manganese,  a  maximum  limit  should 
be  fixed  respectively  for  phosphorus,  silicon,  and  manganese  only, 
leaving  the  carbon  to  be  varied  by  the  manufacturer,  so  that  he  may 
properly  be  required  to  furnish  material  that  will  fulfil  the  physical 
conditions;  for  it  is  evident  that  if  the  engineer  defines  the  chemical 
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composition,  he  cannot  reasonably  ask  the  manufacturer  to  guarantee 
that  this  composition  shall  give  certain  physical  results. 

W.  R.  Jones,  Pittsburgh,  Pa.  :  The  question  that  naturally 
occurs  to  me  is  this:  Has  Dr.  Dudley  in  his  investigations  been 
aiming  to  prove  a  theory,  or  has  he  been  guided  by  an  earnest  desire 
to  discover  what  are  the  proper  elements  in  the  composition  of  a 
good-wearing  steel  rail  ? 

Unfortunately,  for  correct  chemical  information,  he  has  omitted 
in  his  analyses  two  very  important  elements, — sulphur  and  copper. 
Now,  before  we  will  even  begin  to  admit  the  correctness  of  Dr. 
Dudley's  conclusions  and  the  formula  he  prescribes,  we  will  at  the 
start  question  the  propriety  of  any  chemist  or  scientist  prescribing  a 
formula  for  making  steel  when  he  has  ignored  such  important  ele- 
ments as  sulphur  and  copper.  I,  for  one,  will  not  accept  any  such 
formula. 

Are  we  sure,  or  is  Dr.  Dudley  sure,  that  the  chemical  analyses 
embodied  in  his  paper  are  correct?  This  may  seem  a  presumptuous 
question,  yet,  with  my  experience  with  chemists,  I  naturally  doubt 
the  correctness  of  the  analyses,  and,  before  I  will  accept  them  as 
correct,  I  will  ask  that  comparative  tests  of  phosphorus  and  man- 
ganese be  made  by  the  Pennsylvania  Railroad  chemists  and  the 
chemists  of  the  leading  steel-works  in  the  country.  Let  us  first 
verify  the  correctness  of  the  analyses  before  we  consider  the  con- 
clusions. I  can  enumerate  a  great  number  of  instances  in  which 
chemists  have  differed  very  widely  in  their  determinations  of  phos- 
phorus and  manganese.  A  prominent  iron  firm  made  a  contract 
with  the  Edgar  Thomson  Steel  Company  to  deliver  pig  metal  guar- 
anteed to  be  between  0.07  and  0.08  phosphorus ;  an  analysis  by 
our  chemist  resulted  in  phosphorus  0.148  and  0.152, — a  rather 
startling  difference !  Again,  a  sample  bar  of  steel,  in  which  our 
chemist  reported  phosphorus  0.11,  was  tested  by  a  chemist  of  an- 
other Bessemer  works,  and  his  determinations  were  phosphorus 
between  0.07  and  0.08.  A  leading  engineering  establishment  of 
Pittsburgh  bought  iron  claimed  by  a  chemical  analysis  to  contain 
0.08  phosphorus ;  our  Mr.  Ford  found  phosphorus  0.145.  A  chem- 
ist connected  with  an  open-hearth  works  reported  manganese  in  a 
piece  of  steel,  1.14;  in  a  second  determination  from  the  same  piece 
of  steel,  by  the  same  chemist,  manganese  was  reported  0.43.  The 
chemist  was  kept  in  ignorance  of  the  fact  that  both  samples  were 
from  the  same  piece  of  steel.     Two  determinations  for  manganese 
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were  made  by  the  same  chemist  from  a  piece  of  steel ;  he  reported 
manganese  0.61  and  0.58.  Our  chemist,  in  the  same  steel,  reported 
manganese  0.324  and  0.303.  I  could  give  innumerable  instances 
of  the  wide  difference  in  chemists'  determinations  of  phosphorus  and 
manganese.  I  think  I  have  cited  sufficient  cases  to  sustain  the  po- 
sition I  have  assumed,  viz.,  that  before  the  determinations  made  by 
Dr.  Dudley's  assistants  are  accepted  as  being  correct  they  should  be 
verified  by  chemists  of  greater  experience. 

I  fijid  on  a  close  examination  of  the  doctor's  paper  that  he  has 
taken  no  notice  whatever  of  the  increased  weight  of  cars,  increased 
weight  of  locomotives,  with  increased  speed,  in  his  tonnage  calcu- 
lations. Now,  there  is  a  vast  difference  between  the  tonnage  of 
10  to  12  tons  in  an  ordinary  freight  car  with  eight  wheels  passing 
over  rails  at  a  moderate  speed,  and  15  to  20  tons  on  the  same  num- 
ber of  wheels  at  an  increased  speed.  Since  1874  the  Pennsylvania 
Railroad  Company  has  been  steadily  increasing  the  weight  of  both 
engines  and  cars.  The  duty  to  which  rails  are  now  subjected  I 
believe  is  fully  60  per  cent,  greater  than  that  before  the  year  1874. 
On  looking  over  the  paper,  we  find  a  number  of  rails,  classed  as 
good-wearing  rails,  that  have  for  years  been  subjected  to  compara- 
tively light  tonnage  on  a  wheel-tonnage  basis,  compared  with  a  great 
number  of  rails  classed  as  fast-wearing  rails,  which  in  some  cases  I 
find  have  had  passing  over  them  nearly  twice  the  number  of  tons 
per  month,  and  all  on  heavier  wheel  tonnage. 

As  an  illustration  I  cite  rail  No.  937,  with  the  following  analysis: 
carbon,  0.454;  silicon,  0.015;  phosphorus,  0.145;  manganese,  0.726; 
with  only  2  per  cent,  elongation.  In  accordance  with  the  deduc- 
tions and  formula  this  should  be  a  very  bad  rail,  yet  on  close  exam- 
ination I  find  that  this  rail  has  been  subjected  to  a  monthly  ton- 
nage of  747,628  tons.  If  we  examine  the  rail  No.  929,  which 
was  laid  within  two  miles  of  rail  937,  we  find :  carbon,  0.235 ; 
silicon,  0.080;  phosphorus,  0.055;  manganese,  0.300 ;  elongation, 
24  per  cent.  This  rail  was  subjected  to  a  monthly  tonnage  of  only 
381,235  tons,  while  rail  No.  937  was  subjected  to  96  per  cent,  more 
monthly  tonnage,  and  yet  rail  No.  929  is  classed  as  a  good  rail. 
If  we  assume  that  50  per  cent,  more  loaded  cars  pass  east  to  Phila- 
delphia than  pass  west  from  Philadelphia,  we  find  the  wheel  tonnage 
assumes  a  very  important  aspect  in  determining  the  wearing  quali- 
ties of  rails.  Again,  the  bad  rail  was  in  the  track  forty  months, 
and  only  sliows  a  wear  of  yf  q  of  an  inch  in  vertical  section,  and  has 
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been  in  the  track  since  the  advent  of  heavier  engines  and  heavier 
cars;  while  rail  No.  929  has  had  the  advantage  of  at  least  seven 
years  of  comparatively  light  traffic  on  light  wheel  tonnage.  The 
question  which  of  these  two  rails  has  been  subjected  to  the  greatest 
amount  of  wheel  tonnage  I  leave  to  some  one  to  calculate  who  has 
more  time  to  devote  to  this  subject  than  I  have. 

In  regard  to  the  method  proposed  by  Dr.  Dudley  to  test  the  rails 
at  the  works,  I  can  only  say  I  much  prefer  the  methods  suggested 
by  Mr.  Sandberg,  in  his  paper  read  before  the  Institute  at  the 
Lake  Superior  meeting,  wdth  this  slight  modification,  viz. :  I  would 
subject  a  50  and  52-pound  rail  to  a  drop-test  of  1800  pounds,  falling 
a  distance  of  14  feet  on  the  rail,  on  supports  3  feet  apart;  for  a  54 
to  5G-pound  rail,  16  feet  drop;  for  a  56  to  58-pound  rail,  18  feet 
drop;  for  a  58  to  60-pound  rail,  20 feet  drop;  and  so  on  in  the  same 
ratio.  I  would  also  adhere  to  the  test-bar,  drawn  out  from  the  head 
of  the  rail  down  to  1  inch  square,  then  placed  under  a  steam-hammer 
and  bent  through  an  angle  of  110°,  the  distance  between  centres  of 
supports  of  the  bar  to  be  from  10  to  12  inches.  Dr.  Dudley  may 
think  these  tests. crude;  I  believe  them  to  be  simple,  thorough, 
effective,  and  reliable,  and  in  this  I  fully. concur  in  the  views  of 
Mr.  Sandberg. 

If  Dr.  Dudley  and  the  Pennsylvania  Railroad  authorities  believe 
their  deductions  are  correct,  let  them  have  rails  made  in  accordance 
w^ith  the  doctor's  first  formula, — phosphorus,  0.077,  carbon,  0.334, 
silicon,  0.060,  manganese,  0.491, — and  add  to  it,  the  less  sulphur  and 
copper  the  better,  and,  as  a  matter  of  course,  pay  the  difference  in 
price  involved  in  the  difference  in  the  price  of  metals;  but  when 
Dr.  Dudley  attempts  to  formulate  a  rule  to  govern  the  steelmakers, 
based  on  his  knowledge,  I,  for  one,  decidedly  object;  and  I  frankly 
tell  him  that  he  is  opposing  all  the  researches  and  investigations 
of  the  best  chemists  and  metallurgists,  both  here  and  abroad. 

I  have  serious  and  grave  doubts  if  steel  made  in  accordance  with 
his  second  formula  would  give  a  good  record  in  the  track.  I  ex- 
perimented on  this  formula  in  attempting  to  fill  an  order.  Mr. 
Sandberg  in  his  paper  refers  to  the  filling  of  an  order  of  2500  tons 
on  the  same  formula,  and  my  experience  was  the  same  as  his.  The 
ingot  was  a  conglomerate  mass  of  honeycombs.  It  made  bad  blooms, 
and  I  do  not  believe  it  made  good  rails.  The  rails  are  now  in  the 
tracks  of  the  West  Pennsylvania  road,  and  if  they  do  prove  to  be 
good  rails,  I  shall  be  very  much  surprised. 
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William  Metcalf,  Pittsburgh,  Pa.  :  In  rising  to  disouss  Dr. 
Dudley's  paper,  I  feel  somewhat  as  I  did  at  the  Baltimore  meeting 
— that  a  ''crucible'^  man  has  no  right  to  interfere  in  a  '^  Bessemer" 
discussion;  yet  having  read  the  paper  very  carefully,  I  feel  impelled 
to  say  something,  for  two  reasons  :  First,  because  I  believ^e  Dr.  Dud- 
ley is  entirely  on  the  right  track,  and  having  undertaken  and  partly 
accomplished  a  great  work,  he  is  entitled  to  the  help  of  all  who 
have  experience  in  these  matters;  and  second,  because  the  data  given 
force  me  to  concur  in  Captain  Jones's  opinion  that  the  analyses  are 
incomplete,  since  they  ignore  sulphur,  copper,  nitrogen,  and  possibly 
other  injurious  elements. 

In  an  experience  of  fourteen  years,  and  with  probably  more  than 
a  hundred  tests,  we  have  never  found  the  chemistry  and  the  physics 
of  crucible  steel  to  disagree.  If  in  any  case  a  disagreement  has  ap- 
peared, it  has  been  our  invariable  custom,  to  go  over  all  our  physical 
tests  with  great  care,  and  if  we  found  no  error,  then  to  refer  the 
matter  back  to  the  chemist,  who  has  invariably  found  some  unex- 
pected element  to  account  for  the  trouble. 

It  is  only  just  to  the  chemist  to  say  here,  that  ordinarily  he  is 
only  expected  to  determine  phosphorus,  silicon,  sulphur.  Generally 
the  metals,  with  the  exception  of  manganese,  are  not  looked .  for, 
although  a  watch  is  usually  kept  for  copper  and  arsenic.  Further, 
in  most  cases  we  have  found  our  own  work  more  liable  to  be  faulty 
than  the  chemist's. 

Having  arrived  then  at  such  a  degree  of  experience  that  we  can 
predict  the  analysis  from  our  tests,  or  our  tests  from  the  analysis, 
with  almost  absolute  certainty,  I  can  see  no  reason  why  the  same 
results  may  not  be  attained  in  the  Bessemer  practice.  But  two 
things  are  essential,  neither  of  which  we  have  here;  first,  complete 
analyses  ;  and  second,  a  record  of  the  nature  of  the  blow,  the  heat  at 
which  the  ingots  were  bloomed,  and  the  rails  finished, — in  short,  a 
complete  history  of  the  manufacture. 

This  latter  is  quite  as  essential  as  accurate  and  complete  analyses. 
Dr.  Dudley  ignores  sulphur  and  copper  on  fair  enough  grounds  com- 
mercially speaking,  but  when  he  announces  so  grave  a  conclusion  as 
he  has  reached,  in  a  scientific  way,  the  omission  of  any  elements  that 
may  affect  the  conclusion  is  hardly  justifiable.  His  differences  of 
phosphorus  units,  which  I  must  term  units  of  rottenness  as  far  as 
phosphorus  is  concerned,  and  which  I  am  sorry  he  did  not  name 
units  of  alloys, — are  very  small,  and  if  sulphur  and  copper  had 
been  included  they  might  have  upset  his  conclusions  altogether.  The 
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omission  of  nitrogen  is  not  to  he  criticised  in  the  same  way,  hecanse 
it  has  not  been  usual  to  regard  nitrogen  in  testing  steels,  yet  I  am 
forced  to  believe  that  nitrogen  plays  a  very  important  part  in  Bes- 
semer steel. 

We  had  occasion  recently  to  test  some  of  the  finest  Bessemer  steel 
that  is  made,  in  order  to  ascertain  how  far  the  Bessemer  people  were 
encroacliiup;  on  the  domain  of  the  crucible  steel  manufacturers.  In 
the  accompanying  table  are  the  analyses  of  the  Bessemer  steel  re- 
ferred to,  two  samples  of  the  very  best  foreign  crucible  steel,  and 
one  of  the  best  American  crucible  steel. 


Kinds  of  steel. 

Carbon. 

Phos- 
phorus. 

Silicon. 

Sulphur. 

Man- 
ganese. 

Copper. 

Bessemer 

Foreign  crucible ] 

American  crucible 

0.400 
1.295 

0.862 
0.960 

0.027 
0.020 
0.005 
0.021 

0.003 
0.009 
0.007 
0.033 

trace, 
trace, 
none, 
trace. 

0.050 
0.077 

b!ooi3 

All  three  of  the  crucible  steels  were  of  exceptionally  good  quality. 
It  will  be  ob.served  that  according  to  the  analysis,  the  Bessemer  steel 
should  have  been  equally  good.  Upon  a  careful  test  of  an  0.80  car- 
bon billet  it  proved  to  be  thoroughly  worthless. 

The  case  was  then  referred  to  Professor  Langley,  and  he  attributed 
the  trouble  to  oxygen,  and  predicted  that  if  we  would  melt  a  0.40 
carbon  billet  with  a  little  ferromanganese  to  remove  the  oxygen  and 
bring  up  the  carbon  to  0.80,  and  also  give  a  little  more  silicon  which 
the  steel  would  take  from  the  crucible,  that  we  would  have  a  steel 
equal  to  the  others  given  above.  To  be  sure  of  our  work,  we  melted 
the  billet,  the  analysis  of  which  is  given  above,  and  produced  an 
ingot  of  about  0.80  carbon,  as  near  as  the  eye  could  determine,  and 
that  is  within  .03  in  such  high  steels.  The  remelted  Bessemer  steel 
was  just  as  bad  as  the  other,  and  of  this  we  assured  ourselves  by  the 
most  careful  and  repeated  tests. 

Now  we  know  oxygen  was  not  the  cause  of  the  fault,  for  if  it  had 
been,  the  ferromanganese  would  have  removed  it.  In  the  Bessemer 
manufacture  immense  volumes  of  nitrogen  are  blown  through  the 
molten  mass,  and  by  the  evidence  of  all  of  the  most  eminent 
chemists  who  have  examined  the  subject,  we  know  that  nitrogen 
does  unite  with  iron,  that  the  compound  is  brilliantly  lustrous, 
hard,  brittle,  and  even  friable,  and  that  it  will  harden  like  steel. 
We  also  know  that  there  is  a  peculiar  lustre  in  all  Bessemer  steel, 
which  makes  it  easily  distinguishable  by  an  expert  from  crucible  or 
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open-hearth  steel,  provided  none  of  them  have  been  overheated.  Is 
it  not  more  than  probable,  then,  that  nitrogen  is  entitled  to  far  more 
serious  attention  than  it  has  yet  received  ? 

Dr.  Dudley  classes  carbon  with  phosphorus,  silicon,  and  manga- 
nese in  making  up  his  units,  and  he  may  be  correct  in  his  make-up 
in  the  relative  values  of  each,  but  I  cannot  see  how  he  has  proved  his 
formula,  nor  how  it  is  to  be  disproved  with  our  present  knowledge. 

While  maintaining  that  carbon  in  steel  is  the  great  friend  of  the 
manufacturer  and  the  only  fit  alloy  of  iron,  I  must  admit  that  when 
it  is  present  in  quantity  with  phosphorus,  silicon,  manganese,  or 
sulphur  in  quantity,  it  vitalizes  and  makes  more  active  all  of  the 
bad  qualities  of  these  elements,  and  therefore  if  Dr.  Dudley  must 
have  the  quantities  of  these  elements  in  his  rails  which  he  permits 
in  his  formula,  he  is  quite  right  in  saying  that  the  softest  rails  ought 
to  wear  the  best.  In  regard  to  the  wearing  of  wire  dies  we  have 
found 

Carbon  Tungsten. 

1.37.  0.78. 

too  soft,  i.  e.j  it  wore  too  easily.     Also  steel  of  the  composition 

Carbon,  Silicon,  Sulphur,  Manganese,  Phosphorus, 

1.7  0  20  0  091  0.387  0.02 

was  too  soft.     The  best  foreign  dies  contained 

Carbon,  Silicon,  Sulphur,  Manganese,  Phosphoi-us, 

2.89  0.14  0  031  0.26  0.02 

and  equally  good  and  entirely  satisfactory  homemade  steel  con- 
tained 

Carbon,  Silicon,  Sulphur,  Manganese,         Phosphorus, 

2.37  0.20  0.091  0.18  0.03 

In  this  case  good  wear  depends  upon  high  carbon. 

In  steel  rolls,  in  which  we  have  had  some  experience,  we  have 
found  that  very  soft  rolls  of  about  0.30  carbon  wore  too  fast  from 
excessive  flow,  taking  the  shape  shown  in  the  cut  (page  550),  the 
overflow  sometimes  amounting  to  more  than  half  an  inch.  This 
cuts  away  the  brasses  and  involves  much  redressing.  Rolls  of  about 
0.70  carbon  made  from  the  same  iron,  neither  flow  nor  crack  to  any 
serious  extent,  and  will  do  two  to  three  times  as  much  work  as  the 
softer  rolls. 

We  know  that  steel  flows  under  pressure,  that  the  milder  the  steel 
the  easier  it  will  flow,  and  the  easier  it  will  shear;  yet  in  the  paper 
under  discussion  flow  is  disregarded  entirely,  although  there  is  plain 
evidence  of  it  in  many  of  the  sections  given.     Low  shearing  stress  is 
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advised  as  conducive  to  high  wear,  wliile  it  would  seem  plain  that 
chilled  flanges  must  act  as  admirable  shears  to  trim  off  '^flowed'' 
edges. 

Dr.  Dudley  says  low  phosphorus  units  ought  to  give 
the  best  wear,  and  so  they  ought.  He  proceeds  to  prove 
it  by  grouping  the  32  rails  of  least  wear,  and  the  32 
rails  of  most  wear  in  two  groups,  and  taking  a  mean  of 
their  analyses.  By  a  happy  accident  this  mean  sustains 
his  view,  or  perhaps  it  would  be  fairer  to  say,  from  this 
accident  he  draws  his  conclusions.  These  groups  consist 
of  all  sorts  of  rails,  of  different  make,  different  conditions 
of  wear  and  different  tonnages.  Would  it  not  be  fairer 
to  compare  rails  from  the  same  part  of  the  track,  sub- 
jected to  the  same  conditions  of  wear,  of  the  same  ton- 
nage, and  presumably  of  the  same  make?  Arranging 
the  64  rails  under  consideration  in  this  way  by  means  of 
the  history  given,  I  find  30  groups  consisting  of  twos, 
threes,  and  fours.  Comparing  the  phosphorus  units  and 
wear  per  million  tons  as  given  in  the  table,  I  find  that 
in  twelve  groups  the  softer  rails  have  shown  the  least 
wear,  while  in  eighteen  groups  the  harder  rails  have 
shown  the  least  wear. 

This  gives  18  against  Dr.  Dudley  to  12  for  him,  and 
it  seems  as  if  this  mode  of  comparison  were  the  fairer, 
if  the  presumption  is  correct,  that  the  rails  of  these  dif- 
ferent groups  were  of  the  same  make  in  each  group, 
because  in  such  case  the  chances  are  that  the  physical 
conditions  due  to  modes  of  manipulation  in  manufacture, 
were  more  nearly  the  same  than  they  could  possibly  be 
in  the  more  general  average  given  in  the  table. 

I  would  like  to  ask  Dr.  Dudley  to  relieve  us,  if  he 
can,  of  a  term  which  he  has  introduced  into  his  papers 
and  specifications,  and  which,  for  the  sake  of  harmony, 
I  M  ought,  I  tliink,  to  be  obliterated.  I  refer  to  the  word 
"  hardener."  This  is  a  term  properly  applied  to  any 
substance  contained  in  steel,  for  anything  mixed  with 
iron  will  make  it  harder.  But  carbon  is  the  great  "  hard- 
ener," and  produces  all  of  the  wonderful  and  useful  prop- 
erties in  steel  with  which  we  are  familiar,  and  of  the 
nature  of  which  we  know  so  little.  Carbon,  then,  ought 
to  be  distinguished  as  the  hardener,  and  all  other  com- 
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ponents  should  be  known  by  some  other  name.  If  not,  we  shall 
have  quack  steelmakers  coming  out  with  more  silicon  steel,  phos- 
phorus steel,  sulphur  steel,  and  the  like.  And  why  not?  Are  they 
not  all  hardeners,  and  is  any  one  better  than  another. 

This  is  a  serious  matter,  for  we  have  too  much  duplication  of  mean- 
ings now.  For  instance,  if  you  go  to  a  founder  and  ask  if  he 
has  a  chill  to  make  a  certain  size  of  die  or  roll,  he  asks,  in  reply, 
how  much  chill  you  want,  and  you  tell  him,  say,  half  an  inch  or  an 
inch,  as  the  case  may  be.  Then  he  asks  if  you  want  a  tough  chill, 
or  a  mild  chill,  or  a  hard  chill.  Would  not  an  outsider  be  utterly 
puzzled  to  know  what  a  chill  was? 

Again  a  steelmaker  talks  of  temper,  and  refers  to  steel  of  0.30, 
0.40,  or  1.00  carbon,  as  it  may  happen;  and  a  steel-user  talks  of 
temper,  and  means  a  yellow,  or  brown,  or  blue  color,  left  on  the  steel 
after  it  is  tempered.  I  once  travelled  many  hundreds  of  miles  to  see 
about  a  steel  trouble.  A  buyer  had  sent  back  a  shear-knife  which 
would  not  cut.  Not  waiting  till  the  knife  was  received,  I  started 
off,  and  asked  my  partner  to  telegraph  me  his  opinion  after  he  had 
received  the  blade.  We  were  both  sure  it  had  been  burned.  After 
my  arrival  on  the  scene  and  finding  a  man  in  real  trouble,  and  a 
great  temper,  a  message  came  in  these  words,  '^Temper  too  high; 
will  send  another  bar.^'  Greatly  pleased,  and  thinking  my  way 
plain,  in  an  evil  moment  I  showed  the  message  to  my  troubled 
friend,  who  interpreted  it  to  mean  that  he  had  improperly  treated 
the  steel ;  and  the  indignation  created  was  as  profound  as  it  was 
unexpected. 

Who,  then,  can  define  steel  ?  An  International  Committee  of  this 
Institute  and  many  others  have  wrestled  with  the  question,  and  yet 
to-day  there  is  a  heavy  suit  pending  in  the  United  States  courts, 
turning  upon  the  question  whether  steel  is  steel  or  iron. 

Now  we  are  threatened  with  the  war  of  the  "  hardeners,"  and  the 
contemplation  of  another  complication  in  our  nomenclature  is  no 
joke  for  the  steelmakers;  and  in  their  behalf  I  appeal  to  Dr.  Dud- 
ley to  relieve  us  before  it  is  too  late. 

In  conclusion,  allow  me  to  say  that  I  hope  my  remarks  will  not 
be  regarded  as  antagonistic  to  Dr.  Dudley's  great  work,  for  I  could 
have  no  possible  reason  for  entering  the  lists  as  an  antagonist;  on 
the  contrary,  I  decidedly  agree  with  him  that  the  chemistry  of 
steel  is  an  important  factor  in  its  manufacture,  and  chemistry  and 
physics  must  go  together  if  results  of  any  value  are  to  be  reached ; 
and  I  firmly  believe  that  eventually  all  engineers  will  know  how 
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to  make  and  to  appreciate  chemical  specifications.  I  therefore  feel 
that  we  should  all  contribute  all  we  know  or  think  on  the  subject, 
and  I  hope  these  remarks  will  be  considered  a  thoroughly  sympa- 
thetic criticism. 

LETTER   FROM  WILLIAM  R.  HART. 

I  was  this  morning  an  interested  listener  to  the  remarks  of  Mr. 
Ashbel  Welch  in  regard  to  his  designing  a  new  section  for  steel  rails, 
in  1866;  and  for  the  sake  of  the  truth  of  history,  and  in  order  to 
give  the  credit  to  an  American  (and  where  it  rightfully  belongs)  of 
designing  the  first  section  for  steel  rails,  which  was  intelligently 
adapted  to  that  material,  I  beg  to  state  the  following  facts: 

On  the  14th  of  August,  1866,  Mr.  Ashbel  Welch  gave  me  an 
order  for  200  tons  of  steel  rails,  to  be  made  for  the  Camden  and  Amboy 
Railroad,  from  a  section  designed  by  him.  A  copy  of  this  section 
I  append  herewith. 


AsJibel  Welch 

No.  23 


About  3  7 /^l^s. per  yard. 
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Messrs.  John  Brown  &  Co.,  of  Sheffield,  for  whom  we  were  then 
agents,  at  first  declined  to  roll  these  rails,  owing  to  the  thinness  of 
the  flange,  but  subsequently  accepted  this  order.  In  principle,  as  I 
think  you  will  see  from  the  section,  this  pattern  was  similar  to  what 
is  now  known  as  the  Sandberg  section,  having  a  large  amount  of 
metal  in  the  head,  and  without  superfluous  weight  in  the  stem  and 
base.  This  section  was  put  upon  our  book,  with  the  title  ''Ashbel 
Welch  section ;''  and  this  name  was  also  rolled  upon  the  stem  of  the 
rails.  We  sold  afterward  large  quantities  of  these  rails  under  this 
title  to  the  Philadelphia  and  Baltimore  Railroad  Company,  as  well 
as  to  the  Camden  and  Amboy  Railroad  Company. 

I  make  this  statement  in  justice  to  Mr.  Welch,  who  ought  to  have 
the  credit  of  designing  a  section  which  had  much  to  do  with  making 
steel  rails  a  success.  At  the  time  Mr.  Welch  designed  this  section  it 
was  quite  a  new  departure,  and  as  our  old  section-book  shows  it  was 
very  different  from  any  of  the  sections  which  up  to  that  time  had 
been  ordered  by  any  of  the  railroad  companies. 

I  shall  be  very  glad  if  this  fact  can  be  recorded  upon  the  minutes 
of  the  Institute,  and  remain, 

Yours  very  truly, 

William  R.  Hart, 

Philadelphia,  February  17th,  1881.  Agent,  Naylor  ^  Co. 


LETTER   FROM    R.  H.  SAYRE,   BETHLEHEM,   PA. 

....  The  subject  is  one  of  great  interest  in  every  point  of  view 
to  railroad  managers  and  steel-rail  makers.  It  has  occurred  to  me 
that  if  in  this  connection  your  society  would  take  up  the  matter  of 
the  shape  or  section  of  steel  rails  and  the  form  of  joint,  and  be  able 
to  arrive  at  such  form  for  difterent  weight  of  rails  as  you  could 
recommend  to  the  railroads  of  this  country  with  a  view  of  obtaining 
uniformity,  it  would  be,  in  case  of  adoption,  of  great  value  both  to 
the  railroads  and  makers  of  rails. 

My  idea  is  that  if  both  your  society  and  that  of  the  civil  en- 
gineers should  join  in  the  adoption  of  templates  and  their  recom- 
mendation, it  would  be  more  likely  to  have  the  desired  effect. 

Yours  truly, 

Robert  H.  Sayre. 
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William  Kent,  Pittsburgh,  Pa.:  The  steel  manufacturers  of 
this  country  must  ever  be  grateful  to  Dr.  Dudley  for  his  painstaking 
and  conscientious  endeavor  to  establish  the  relation  between  the 
chemical  analysis  and  the  wearing  capacity  of  steel  rails.  They  must 
thank  him  for  the  vast  array  of  facts  he  presents,  and  especially 
for  having  given  them  sixty-four  analyses  with  which  to  combat 
his  own  conclusions  and  to  establish  their  own,  which  are  entirely 
opposite  to  his. 

In  Dr.  Dudley's  discussion  of  his  former  investigation,  at  the 
Pittsburgh  meeting,  he  said,  "If  you  do  not  like  my  conclusions, 
draw  your  own  conclusions.''  I  have  studied  his  last  paper  as  thor- 
oughly as  the  limited  time  since  I  received  it  would  admit,  and 
liave  drawn  some  conclusions  which  I  will  first  state,  and  then  at- 
tempt to  demonstrate. 

Briefly  stated,  my  conclusions  are :  1st,  That  as  far  as  these  64 
analyses  reveal  anything  of  service  to  railmakers  and  consumers, 
it  is  that  within  the  following  chemical  and  physical  limits,  viz., 

Ciirbon, 0.20  to  0.60 

rhosphorus, 0.026  to  0.145 

yilicon, 0.015  to  0.480 

Manganese, 0.252  to  0.880 

Plu)?j)h{jrus  units,     .....  20.3  to  5.72 

Bending  weight, 22701bs.  to  4260  lbs. 

Deflection, 13°  to  190° 

or  in  other  words  within  the  limits  of  nearlv  the  whole  rano^e  of  the 
chemical  and  bending  tests  of  these  64  rails,  the  wearing  capacity 
bears  no  relation  at  all  to  carbon,  to  phosphorus,  to  silicon,  to  man- 
ganese, to  phosphorus  units,  to  bending  weight  or  to  deflection ;  or 
if  there  is  any  relation  between  the  wearing  capacity  and  these  six 
or  seven  variables,  it  is  so  obscured  by  the  action  of  other  causes  or 
variables  not  yet  known,  that  such  relation  cannot  be  expressed  by 
any  practical  formula. 

2d.  That  the  difference  in  wearing  capacity  of  these  64  rails  was 
not  due  to  carbon,  to  phosphorus,  to  silicon,  to  manganese,  or  to 
any  combination  ef  these  four  elements,  but  that  it  was  due  to  some 
other  cause  or  combination  of  causes,  of  which  Dr.  Dudley's  whole 
investigation  furnishes  us  no  clue  whatever.  A  few  of  the  many 
possible  causes  I  may  name  :  sulphur,  copper,  oxide  of  iron,  inclosed 
air  or  other  gases,  overblowing,  underblowing,  overheating,  under- 
heating,  too  hot-finishing,  too  cold-finishing,  cold-straightening,  too 
great  or  too  little  reduction  from  the  rail  to  the  ingot,  or  the  portion 
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of  the  ingot  from  which  the  rail  was  taken,  as  top  or  bottom.  I 
have  no  idea  which  of  these  causes  has  the  greatest  influence  in 
determining  the  wearing  capacity  of  a  rail, — probably  no  one  else 
has, — but  I  firmly  believe  that  some  one  or  more  of  them  has  far 
more  influence  than  all  the  four  chemical  elements  named  in  Dr. 
Dudley's  analyses  within  the  limits  which  I  have  mentioned. 

3d.  That  the  railroad  companies  must  utterly  abandon,  for  the 
next  ten  years  at  least,  the  attempt  to  limit  rail  manufacturers  to  a  cer- 
tain prescribed  chemical  composition,  unless  within  the  wide  range  of 
composition  I  have  .given  above.  If  they  would  seek  to  establish  a 
definite  specification  by  which  to  insure  good  wearing  capacity,  and 
at  the  same  time  not  make  the  specification  an  impracticable  one  for 
railmakers  to  meet,  as  Dr.  Dudley's  certainly  is,  they  must  inaugu- 
rate another  investigation  (and  I  know  of  no  one  so  well  fitted  to 
undertake  it  as  Dr.  Dudley  himself,  after  he  shall  have  thoroughly 
disabused  his  mind  of  conclusions  already  formed),  which  investi- 
gation shall  take  at  least  ten  years  to  complete,  and  shall  include 
not  only  the  eifect  of  the  four  chemical  elements  now  under  dis- 
cussion, but  all  the  other  supposed  causes  of  difl^erences  in  wearing 
capacity  which  I  have  mentioned  above,  besides  many  others  I  have 
not  even  thought  of  Such  an  investigation  I  believe  the  railmakers 
would  not  object  to;  they  should  rather  contribute  towards  it.  It 
would  richly  repay  the  railroad  companies  by  enabling  them  to  secure 
better  rails,  providing  that  after  the  investigation  was  concluded  it 
should  reveal  the  causes  of  defective  wearing  capacity,  which  Dr, 
Dudley's  present  investigation  does  not  do. 

4th.  That  Dr.  Dudley's  failure  to  establish,  after  years  of  careful 
investigation,  the  relation  between  the  chemical  analysis  and  the 
wearing  capacity  of  a  rail,  should  be  a  lesson  to  other  consumers  of 
steel  besides  the  railroad  companies,  not  to  attempt  to  regulate  the 
steel  manufacture  by  a  chemical  specification  based  upon  their  own 
investigations,  far  less  elaborate  than  that  of  Dr.  Dudley  or  that  of  the 
manufacturers.  It  is  a  common  occurrence  for  a  steel  manufacturer 
to  be  asked  to  guarantee  both  a  chemical  and  a  physical  specification 
entirely  inconsistent  with  each  other,  and  one  or  both  impossible  of 
fulfilment.  The  attempt  to  fill  orders  with  such  specifications  is  not 
only  annoying  but  often  even  ruinous  to  the  manufacturer,  causing 
the  rejection  of  much  steel  that  is  even  better  tidapted  to  the  wants 
of  the  consumer  than  some  of  the  steel  which  is  accepted.  This  is 
precisely  the  result  which  would  happen  if  Dr.  Dudley's  rail  speci- 
fications were  to  be  insisted  on. 
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I  will  now  undertake  to  ^'ive  a  reason  for  the  conclusions  I  have 

drawn.     Suppose  that  the  Pennsylvania  Railroad  Company  were  at 

once  to  insist  that  all  rails  furnished   them  should  conform  to  Dr. 

Dudley's  specifications  in  these  six  particulars : 

Carbon, 25  to   35 

Phosphorus, not  over  .10 

Silicon, not  over  .04 

Manganese, .30  to  .40 

Bending  weight, not  over  3000  lb. 

Deflection, not  under  130° 

Suppose  that  before  the  rail  manufacturers  had  "got  the  hang"  ^ 

of  making  rails  within  these  rigid  limits,  and  while  they  were  yet  M 

making  them  with  the  wide  range  of  composition  which  they  are  % 

now  doing,  I  should  be  sent  as  inspector  to  one  or  more  works  to 
inspect  64  lots  of  rails,  one  rail  being  taken  out  of  each  lot  for  test, 
the  test  rail  being  supposed  to  represent  exactly  the  lot  from  which 
it  was  taken.  Suppose,  further,  that  I  test  these  64  rails  chemically 
and  physically,  and  find  that  the  results  are  exactly  those  given  in 
Dr.  Dudley's  tables.  I  tabulate  the  results  as  I  have  done  here, 
rejecting  all  the  tension  and  torsion  tests,  as  these  are  not  included 
in  my  instructions,  and  I  carefully  examine  the  table  to  see  how 
many  lots  I  should  accept  and  how  many  I  should  reject.  How 
many  of  these  64  rails  or  lots  would  I  have  to  accept  under  these 
specifications  ?  Only  three  !  And  one  of  these  three  would  be  classed 
by  Dr.  Dudley  as  a  bad  rail,  standing  number  10  out  of  the  16 
rails  marked  "level  tangent.^' 

I  would  reject  sixty-one  of  these  sixty-four  rails  (or  lots),  for  vio- 
lation of  from  one  to  all  six  of  the  specifications. 

84  for  too  great  bending  load. 

29       "       small  deflection. 

42       "       high  or  too  low  carbon. 

31  "       high  phosphorus. 

32  "       high  silicon. 
52       "       high  or  too  low  manganese. 

As  Dr.  Dudley  classes  the  64  rails  into  two  grand  divisions,  viz., 
32  slower  wearing  and  32  faster  wearing  (I  call  them  here  good 
rails  and  bad  rails  for  the  sake  of  brevity),  I  have  to  reject  30  of 
his  good  rails. 

13  for  too  great  bending  load. 
7       "       small  deflection, 

21  "  high  or  too  low  carbon. 

11  "  high  phosphorus. 

14  "  high  silicon. 
'^l  "  high  or  too  low  manganese. 
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On  the  tables  (Plates  6  and  7)  of  Dr.  Dudley's  paper  I  have  indicated 
each  cause  of  rejection  with  a  black  mark.  You  will  notice  that  the 
tables  are  nearly  covered  with  black  marks,  that  their  position  follows 
no  regular  law,  but  seem  to  be  distributed  with  entire  impartiality. 
I  count  the  black  marks,  and  find  the  total  causes  of  rejection  to  num- 
ber 210  out  of  a  possible  366,  or  an  average  of  3.44  for  each  of  the  61 
rails  rejected.  Of  the  31  bad  rails  rejected,  the  black  marks  or  causes 
of  rejection  number  123,  an  average  of  3.97.  Of  the  30  good  rails 
rejected,  the  causes  number  87,  an  average  of  2.9.  Here  is  a  point 
in  favor  of  Dr.  Dudley,  the  31  bad  rails  rejected  do  have  a  worse 
chemical  and  physical  record  than  the  30  good  rails  rejected,  the 
average  number  of  black  marks  against  the  bad  rails  being  greater 
in  the  ratio  of  3.97  to  2.9.  But  his  gratification  in  this  regard  must 
be  somewhat  diminished  when  he  learns  that  by  selecting  a  number 
of  very,  very  bad  rails,  which  I  have  done  on  the  tables,  drawing 
heavy  lines  around  them  and  marking  them  worst  rails,  viz.,  the  2 
worst  rails  out  of  16  marked  tangent  grade,  the  4  w^orst  rails  out  of 
8  marked  curve  grade,  low  side,  the  3  worst  out  of  8  curve  grade, 
high  side,  the  3  worst  out  of  16  level  tangent,  the  2  worst  out  of  8 
level  curve,  low  side,  and  the  4  worst  out  of  8  level  curve,  high  side, 
the  total  causes  of  rejection  of  these  18  rails  is  Q^,  or  an  average  of 
only  3.78.*  That  is,  the  18  worst  rails  have  fewer  average  causes 
of  rejection  than  the  whole  31  rejected  rails  designated  "  faster  wear- 
ing,'' in  the  ratio  of  3.78  to  3.97. 

In  Dr.  Dudley's  table  of  averages  he  compares  the  chemical  and 
physical  properties  of  32  slower-wearing  rails  with  those  of  32  faster- 
wearing  rails  in  all  conditions  of  service.  The  comparison  agrees  with 
his  conclusion  except  in  the  matter  of  silicon,  the  average  silicon  of 
the  bad  rails  being  lower  than  that  of  the  good  rails.  Let  us  carry 
the  comparison  a  little  further,  and  compare  the  properties  of  the  18 
worst  rails,  which  I  call  very,  very  bad  rails,  with  those  of  Dr. 
Dudley's  32  bad  rails,  and  see  whether  it  strengthens  his  position. 
Here  is  the  comparison  : 

Loss  per 


million 
tons. 

Bending 
weight. 

Deflec- 
tion. 

C. 

P. 

Si. 

Mn. 

Phos. 
units. 

3-.'  good  rails,    .0506 

2878 

160° 

.334 

.077 

.060 

.491 

31.3 

32  bad  rails,      .1028 

3222 

133° 

.390 

.106 

.047 

.647 

38  9 

18  worst  rails,  .1326 

3209 

135° 

.412 

.109 

.040 

.677 

40.4 

13bad(?)  rails,  .0668 

3267 

136° 

.369 

.105 

.050 

.632 

37.9 

*  The  method  of  selection  of  these  18  rails  is  not  an  arbitrary'  one,  as  will  be 
seen  further  on.  Of  the  16  level  tangent  rails,  13  should  be  classed  as  good  and 
3  as  bad ;  a  fairer  classification  than  that  of  8  faster  and  8  slower  wearing. 
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The  18  worst  rails  show  a  greater  loss  per  million  tons  than  the 
32  bad  rails  by  29  per  cent.,  while  in  three  elements  of  Dr.  Dudley's 
specifications,  viz.,  bending  weight,  deflection,  and  silicon,  they  are 
slightly  better,  according  to  his  ideas,  and  in  three  others,  viz.,  car- 
bon, phosphorus,  and  manganese,  slightly  worse.  If  Dr.  Dudley's 
conclusions  were  correct  we  should  expect  to  find  that  a  lot  of  rails 
having  29  per  cent,  worse-wearing  capacity  than  a  larger  lot  which 
included  them,  would  show  a  very  marked  deviation  in  average 
analysis  and  bending  tests  from  the  average  analysis  and  bending 
tests  of  the  larger  lot ;  but  actually  the  deviation  is  so  slight  that 
Dr.  Dudley  himself  could  not  tell,  if  the  results  of  tests  alone  were 
presented  to  him,  which  lot  had  the  greater  and  which  the  less  wear- 
ing capacity. 

But  I  have  carried  the  comparison  still  further.  In  the  fourth 
line  in  the  table  I  have  placed  the  record  of  the  other  13  bad  (?)  rails, 
out  of  the  31  faster- wearing  rails,  which  would  have  been  rejected 
under  Dr.  Dudley's  specifications.  (I  have  omitted  in  this  average, 
rail  No.  920,  classed  by  Dr.  Dudley  as  a  bad  rail  from  its  faster 
wearing,  but  wliich  conforms  to  his  specifications  in  every  respect.) 
I  have  placed  an  "(?)"  after  the  word  bad  in  designating  these  rails, 
as  I  think  they  should  have  been  classed  with  the  32  good  rails,  on 
account  of  their  wearing  capacity  being  much  nearer  to  that  of  the 
good  rails  than  to  that  of  the  18  worst  rails  with  which  they  are  asso- 
ciated. Comparing  the  18  worst  rails  with  the  13  bad  (?)  rails,  we 
find  the  former  to  be  over  98  per  cent,  (or  nearly  double)  worse  in 
wearing  capacity  than  the  former,  while  their  analyses  and  bending 
tests  indicate  them  to  be  very  nearly  alike.  The  worst  rails  are  lower 
in  bending  weight  and  silicon,  and  only  slightly  lower  in  deflection, 
and  slightly  higher  in  carbon,  phosphorus,  and  manganese.  Plere 
is  a  very  plain  case  selected  from  Dr.  Dudley's  own  work.  Two 
distinct  lots  of  rails,  one  lot  twice  as  good  in  wearing  capacity  as 
another,  but  both  lots  closely  agreeing  in  average  analysis  and  bend- 
ing tests.  What  stronger  evidence  could  be  produced  of  the  fallacy 
of  his  formula? 

If,  in  any  large  series  of  observations  of  the  values  of  diff'erent 
variable  quantities,  such,  as  are  here  dealt  with,  there  exists  any  law 
of  interde|>endence  of  such  variables,  the  figures  representing  such 
observations  can  be  plotted  on  cross-section  paper,  and  the  law  will 
be  plainly  revealed  by  a  curve  or  straight  line  drawn  through  the 
various  observations.  I  have  thus  plotted  the  results  of  Dr.  Dudley, 
and  have  made  42  curves,  or  attempts  at  curves,  to  discover,  if  pos- 
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sible,  the  existence  of  any  law  of  interdependence  of  the  variable 
wearing  capacity  in  the  six  series  of  rails,  viz.,  tangent  grade,  curve 
grade  high  side,  curve  grade  low  side,  tangent  level,  level  curve, 
high  side  and  level  curve,  low  side,  with  the  seven  other  variables, 
bending  weight,  deflection,  carbon,  silicon,  ph()S])horus,  manganese, 
and  phosphorus  units.  Here  is  the  diagram  (Plate  I)  with  the  forty- 
two  attempts  to  form  as  many  curves.  You  will  see  there  is  neither 
curve  nor  straight  line  here, — nothing  but  a  heterogeneous  mass  of 
ups  and  downs  and  straights  across, — not  the  slightest  indication  of 
any  law  in  any  single  curve  which  is  not  contradicted  by  another 
curve  of  the  same  variable  in  another  series. 

This  set  of  curves,  or  rather  zigzags,  shows  plainly  my  reason  for 
separating  Dr.  Dudley's  32  bad  rails  into  two  series,  one  of  18  worst 
rails,  the  other  of  14  which  nearly  approach  the  good  rails.  In  the 
curves  of  the  tangent  grade  rails,  the  two  worst  rails,  882  and  893, 
in  their  plotted  positions  in  the  curve  remove  themselves  far  from 
the  main  body  of  these  rails,  and  therefore  in  contrast  with  the  others 
they  are  justly  named  the  very,  very  bad  rails  of  this  lot.  This 
grouping  of  the  very  bad  rails  far  away  from  the  better  rails  is  still 
more  [)lainly  seen  in  the  level  tangent  rails,  where  13  rails  are  com- 
paratively near  together  in  position,  and  the  other  3  are  far  removed 
from  them,  thus  plainly  indicating  that  if  we  wish  to  consider  the 
relation  of  the  chemical  composition  of  these  16  rails  to  their  wearing 
capacity,  the  method  of  averaging  the  8  faster  wearing  and  the  8 
slower  wearing — which  Dr.  Dudley  seems  to  think  is  the  only  good 
one — is  not  the  best  by  any  means,  but  that  to  obtain  an  intelligent 
deduction  the  thirteen  fairly  good  rails  must  be  contrasted  with  the 
three  rails  which  are  widely  different  from  them  in  wearing  capacity. 

I  have  said  that  these  zigzags  indicate  the  absence  of  any  law  of  re- 
lation between  wearing  capacity  and  the  six  variable  quantities  under 
consideration.  I  am  surprised  that  Dr.  Dudley  did  not  include  his 
phosphorus  units  in  his  specification,  as  I  regard  this  idea  of  phos- 
phorus units  as  a  most  valuable  conception,  and  one  likely  to  lead 
to  the  advancement  of  our  knowledge  of  the  relation  of  the  physical 
to  the  chemical  qualities  of  steel.  For  this  reason  I  have  included 
phosphorus  units  in  my  plate  of  zigzags,  although  Dr.  Dudley  has 
not  named  it  in  his  specifications.  I  thought  it  probable  that  by 
plotting  the  phosphorus  units,  I  might  possibly  discover  whether 
they  had  any  relation  to  wearing  capacity,  although  carbon,  phos- 
phorus, silicon,  and  manganese  had  no  such  relation.  I  discovered 
none.     But  there  is  a  very  marked  peculiarity  in  the  zigzags  repre- 
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senting  phosphorus  units  besides  that  of  general  relation  to  the  four 
chemical  elements  which  follow  as  a  matter  of  necessity,  namely,  the 
almost  entire  parallelism  of  the  lines  of  phosphorus  units  and  bending 
wei<ylit.  This  suffo^ests  at  once  the  existence  of  a  relation  between 
phosphorus  units  and  bending  weight,  and  I  have,  therefore,  made 
another  diagram,  plotting  the  figures  expressing  this  relation.  The 
accompanying  Plate  II  shows  bending  weight  at  the  side  of  the  sec- 
tion paper,  and  phosphorus  units  at  the  bottom.  You  will  plainly 
notice  that  there  is  an  evident  trend  of  the  dots  representing  the  rails 
in  the  direction  of  an  ascending  inclined  straight  line.  The  whole 
range  of  bending  weights  being  2000  pounds,  the  deviation  of  the 
position  of  any  rail  from  this  inclined  straight  line  (with  only  two 
exceptions)  is  an  ordinate  representing  less  than  450  pounds.  The 
inclined  straight  line  is  the  average  direction  of  trend  of  these  dots, 
and  the  individual  dots  do  not  deviate  greatly  from  this  average 
direction.  The  law  of  the  relation  between  phosphorus  units  and 
bendina:  weig^ht  is  thus  clearlv  established,  and  it  is  this:  The  in- 
crease  of  bending  weight  is  dii-ectly  proportional  to  the  increase  of  phos- 
phorus units.  The  discovery  of  the  law  is  a  strong  presumptive 
proof  of  the  correctness  of  Dr.  Dudley's  hypothesis  in  regard  to  the 
hardening  influence  of  the  four  chemical  elements  upon  steel,  viz., 
that  the  relations  of  phosphorus,  silicon,  carbon,  and  manganese  are 
to  each  other  in  respect  to  hardening  as  the  numbers,  1,  J,  J,  and  J. 
Dr.  Dudley  is  certainly  to  be  congratulated  upon  this  discovery  or 
presumptive  proof  of  his  hypothesis. 

The  fact  of  the  law  of  relation  of  bending  weight  to  phosphorus 
units  being  so  plainly  indicated  in  these  64  analyses  and  tests,  while 
there  is  no  such  indication  from  these  tests  of  any  similar  relation 
existing  between  wearing  capacity  and  phosphorus  units,  or  between 
wearing  capacity  and  carbon,  phosphorus,  silicon,  manganese,  bend- 
ing weight,  or  deflection,  is  almost  absolute  proof  in  itself  that  such 
relation  does  not  exist  at  all,  or,  as  stated  in  the  first  part  of  my 
remarks,  if  it  does  exist  it  is  entirely  obscured  by  the  influence  of 
other  variable  quantities  not  considered  in  Dr.  Dudl-ey's  paper. 

On  the  diagram  on  which  is  plotted  the  relation  of  phosphorus  units 
to  bending  weight  I  have  indicated  the  position  of  each  of  Dr.  Dud- 
ley's 32  slower-wearing  rails  by  a  single  dot.  The  18  worst  rails 
of  the  64  are  indicated  by  a  dot  surrounded  by  a  circle,  and  the 
remaining  14,  called  second-best  on  the  diagram,  are  indicated  by  a 
dot  surrounded  by  a  semicircle.  By  drawing  the  line  between  rails 
which  would  be  rejected  on  Dr.  Dudley's  specification  for  bending 
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weight  alone,  viz.,  not  above  3000  pounds,  and  counting  those  above 
the  line,  it  is  seen  that  there  are  34:  rails  rejected  out  of  the  64,  and 
of  these  34,  13  are  the  best  rails  of  the  series  (Dr.  Dudley's  slower- 
wearing  rails),  9  are  the  second-best  rails, — almost  as  good  as  the 
former, — and  12  are  from  the  18  worst  rails.  Counting  the  accepted 
rails,  a  total  of  30,  19  are  best  rails,  5  are  second-best,  and  6  worst. 
As  already  shown,  of  these  30  rails,  which  might  be  accepted  on  the 
ground  of  their  bending  weight  being  below  3000  pounds,  only  three 
of  them  could  pass  the  gauntlet  of  all  the  other  five  specifications, 
and  one  of  these  three  is  a  second-best  rail. 

1  think  I  have  now  proved  my  first  proposition,  but  I  must 
anticipate  an  objection  which  Dr.  Dudley  may  possibly  raise.  He 
may  say  that  my  argument  against  his  formula,  based  upon  the 
rejection  of  61  rails  out  of  64,  is  invalid,  because  these  rails  were 
not  made  according  to  his  formula.  Let  them  be  made  according 
to  my  formula,  he  may  say,  and  they  will  not  be  rejected,  and  they 
will  give  good  service.  I  regret  that  he  has  given  us  the  record  of 
only  three  rails  which  do  conform  to  his  formula;  they  are  not 
sufficient  in  number  to  draw  valid  conclusions  from,  but,  such  as 
they  are,  here  is  the  conclusion  they  lead  to.  Two  of  them  are 
slower-wearing,  one  a  faster- wearing  rail ;  therefore,  out  of  three 
rails  which  conform  to  the  formula,  the  chances  are  that  one  rail 
will  not  be  a  good  one.  Are  the  railroad  companies  satisfied  with 
such  a  result  as  this?  But  suppose,  for  the  purpose  of  admitting  a 
greater  number  of  rails  into  our  accepted  list,  we  relax  the  specifica- 
tions slightly.  We  will  say  that  rails  mu,st  be  made  according  to 
Dr.  Dudley's  formula,  but  if  a  rail  happens  to  conform  to  five  of  the 
six  specifications  and  fails  in  only  one,  and  that  one  manganese,  the 
least  injurious  element  considered  (Dr.  Dudley  himself  considering 
it  only  one-fifth  as  bad  as  phosphorus),  then  we  \vill  not  reject  that 
rail.     Our  list  of  accepted  rails  will  then  read  as  follows: 

>j  ftprvipp  Order  in  Dr.    Max.     Deflec-     p  p  o,-         mti         ^■ 

JSo.  bervice.  d.'s  table.      load.      tion.       ^-         ^-         ^^-       ^^^^-     units. 

920  Level  tangent              10th  in  16  2680  190°  -293  .063  .039  326  24.6 

932  "      curve,  low  side,  1st     "    8  2840  190°  .269  .047  .026  .872  22.4 

943  "         "             "         6th    "    8  2780  lo9^°  .314  .061  .025  .602  29.8 

931  "         "     highside,  5th    "    8  2480  190°  .260  .047  .029  .416  28.1 

887  Tangent  grade,            1st     "16  2770  190°  .287  .048  .023  .485  24.2 

886  "               "                 13th  "  16  2790  190°  .349  .069  .026  .404  27  9 

899  Curve  gr.,  low  side,     Ut     "    8  2620  190°  .263  .051  .038  .326  22  3 

910  "         "         "            5th     "    8  2660  190°  .343  .098  .020  .478  81.8 

Here  are  eight  rails,  unquestionably  the  softest  rails  of  the  series, 
VOL.  IX. — 36 
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conforming  exactly  to  Dr.  Dudley's  specifications,  except  four  which 
have  manganese  less  than  one-tenth  of  a  per  cent,  higher,  and  one 
with  manganese  two-tenths  of  a  per  cent,  higher  than  the  specifica- 
tions. We  ought  to  expect  that  all  or  nearly  all  of  these  eight  rails 
would  be  included  in  the  thirty-two  rails  designated  by  Dr.  Dudley 
as  slower  wearing,  but,  on  the  contrary,  there  are  only  three  of  them 
so  included,  and  five  of  them  are  the  faster- wearing  rails.  It  has 
been  said  that  exceptions  prove  the  rule,  but  there  is  such  a  thing 
as  having  more  exceptions  than  rule,  and  I  think  we  have  such  a 
case  before  us. 

After  Dr.  Dudley  has  spent  some  years  investigating  the  difficult 
problem  of  determining  Avhat  physical  or  chemical  properties  have 
an  influence  upon  wear,  he  tabulates  his  results ;  he  studies  them 
carefully;  he  then  proceeds  to  write  his  report  and  to  draw  his  con- 
clusions.    In  the  report  we  find  the  following  words: 

"  Giving  our  attention  now  to  the  tables,  I  think  the  first  observa- 
tion will  be  that  there  is  no  absolute  gradation  in  physical  quali- 
ties, or  in  chemical  composition,  applying  to  every  rail  in  each 
group,  which  corresponds  to  the  gradation  in  amount  of  metal  lost 
per  million  tons." 

Then  he  tells  us  we  ought  not  to  expect  such  uniformity,  for  two 
reasons : 

1st.  Errors  in  determining  loss  of  metal  and  tonnage. 

2d.  I  quote  his  own  words:  ^' I  am  not  aware  that  it  is  known 
as  yet  exactly  what  wear  is,  or  what  it  is  dependent  upon  ;  .  .  . 
whether  wear  is  a  direct  function  of  the  tensile  strength  of  steel, 
or  of  its  elongation,  or  of  its  elastic  limit,  or  of  its  resilience,  or  any 
combination  of  these,  or  indeed,  as  seems  somewhat  probable,  of  the 
amount  of  distortion  by  bending  that  a  piece  of  steelwill  suffer, 
is  a  problem  yet  to  be  solved.'' 

It  certainly  is  a  problem  yet  to  he  solved,  and  it  will  take  many 
years  to  solve  it.  Dr.  Dudley  should  have  stopped  here,  and 
drawn  the  conclusion  which  I  have  drawn,  namely,  that,  within  the 
wide  range  of  analyses  and  bending  tests  which  I  mentioned  in  the 
first  part  of  these  remarks,  as  far  as  these  sixty-four  tests  show  any- 
thing, they  indicate  that  whatever  wear  is  or  may  be  dependent 
upon  it  is  not  dependent  upon  carbon,  phosphorus,  silicon,  man- 
ganese, bending  weight,  and  deflection.  Instead  of  this,  in  one 
breath  he  admits  he  does  not  know  what  wear  is  dependent  upon, 
and  in  tlie  next  he  formulates  the  extraordinary  non  sequitur  that  it 
is  dependent  upon  carbon,  phosphorus,  silicon,  manganese,  bending 
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weight,  and  deflection,  and  recommends  that  the  Pennsylvania  Rail- 
road Company  demand  that  rails  be  made  on  specifications,  based 
on  these  six  variables,  so  narrow,  that  to  fill  •them  would  cause  the 
constant  rejection  of  enormous  quantities  of  steel,  and  a  consequent 
enhancement  of  the  price  of  rails,  probably  ten  or  twenty  per  cent., 
without  any  certainty  that  such  rails  would  be  any  better  than  those 
the  steel-mills  are  now  making. 

I  earnestly  hope  that  the  investigation  which  Dr.  Dudley  has  so 
ably  carried  on  will  be  continued.  I  hope  the  Pennsylvania  Rail- 
road Company,  or  preferably  a  combination  of  several  railroads, 
will  institute  the  prolonged  investigation  which  I  think  will  be 
necessary  to  solve  this  deep  problem  ;  that  they  will  take  a  hundred 
or  more  rails,  watching  and  noting  down  carefully  every  detail  of 
their  manufacture  as  well  as  their  analysis;  that  they  will  be  care- 
fully weighed  before,  during,  and  after  service;  that  their  crop-ends 
will  be  tested  before  service,  and  the  rails  themselves  after  removal; 
that  all  the  sources  of  error  which  Dr.  Dudley  admits  in  the  present 
investigation  may  be  removed,  and  that  enough  facts  may  be  gath- 
ered and  tabulated  so  that  the  conclusions  which  may  be  drawn  from 
them  may  be  apparent  to  every  one  without  labored  discussion  or 
heated  argument.  But  I  venture  to  prophesy  that  after  this  investi- 
gation shall  have  been  completed,  and  a  formula  adopted  which 
shall  be  satisfactory  to  both  manufacturers  and  consumers,  that 
formula  will  not  be  the  one  now  under  discussion. 

I  hope  Dr.  Dudley  will  pardon  me  if  I  have  been  unduly  severe 
in  my  criticism,  and  consider  that  I  have  written  my  remarks  hastily 
and  at  a  time  which  should  have  been  given  to  needed  rest.  I 
differ  with  him  only  as  regards  the  conclusions  which  he  has 
drawn.  I  appreciate  the  value  of  his  labors,  and  only  make  public 
my  own  conclusions  in  the  hope  of  contributing  to  the  advance- 
ment of  the  science  of  steelmaking,  in  which  w.e  are  all  so  deeply 
interested. 

Dr.  August  Wendel,  Troy,  N.  Y.  :  Dr.  Dudley's  last  paper 
gives,  certainly,  very  valuable  and  interesting  information  regarding 
the  wear  of  rails  under  different  conditions.  His  results  concerning 
the  composition  of  rails,  explode,  rather  sfcirtlingly,  some  old  theo- 
ries regarding  the  wear  of  rails,  and  I  think  after  his  formula  is 
simplified  it  will  be  one  good  formula  to  work  by. 

As  he  now  arrives  at  the  same  conclusions  reached  in  his  first 
paper,  some  of  my  remarks  will  apply  to  both,  although  I  would 
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not  attempt  to  add  anything  directly  to  the  distinguished  criticism 
the  first  paper  received. 

Regarding  his  silicon  percentages,  I  must  say  I  cannot  see  any 
reason  why  they  have  not  been  disregarded  entirely  within  the 
limits  of  his  investigation.  In  following  Dr.  Dudley's  reasoning  in 
the  use  of  averages  and  applying  inductive  methods,  I  cannot  see 
what  importance  can  be  attached  to  this  element,  since,  in  his  first 
investigations,  the  good  and  bad  rails  averaged  nearly  alike,  and  in 
his  last  series  the  rails  which  wore  best  showed  even  more  silicon 
than  the  bad  ones.  I  regard,  therefore,  the  silicon  an  inconsider- 
able factor  in  making  out  the  phosphorus  units,  without  considering 
here  the  actual  influence  of  this  element  on  hardness, — an  influence 
which  is  greatly  overestimated  in  the  formula. 

With  regard  to  the  effect  of  manganese,  I  cannot  agree  with  his 
conclusions.  In  ordinary  w^orking  with  full-blown  steel,  manganese 
is  more  or  less  the  function  of  carbon,  provided  the  spiegel  is 
constant,  and  consequently  should  not  be  introduced  into  a  formula 
for  daily  working  as  an  independent  coefficient. 

In  March,  1875,  I  made  a  report  to  my  employers  concerning  the 
unsatisfactory  workino;  of  steel  in  bloomino:.*  I  then  came  to  the 
conclusion  that  steel  ingots  in  order  to  roll  well  ought  to  contain  : 

Mn  =-  0.8  (C  +  ^  Si)  +  4  P, 

these  symbols  standing  for  the  respective  percentages  of  the  ele- 
ments. I  maintain  to-day,  that  for  good  results  in  blooming,  this 
percentage  of  manganese  ought  to  be  aimed  at  for  rail  steel.  For 
this  reason  I  would  sooner  undertake  to  make  steel  according  to 
Dr.  Dudley's  original  formula,  viz.; 

Carbon, 0.334 

Silicon, 0.060 

Phosphoru.s,    .     , 0.077 

Manganese, 0.491 

than  according  to  the  one  in  which  he  tries  to  make  concessions  to 
the  manufacturers,  viz. : 

Carbon, 0.30 

Silicon, 0  04 

Phosphorus, 0  10 

Manganese, 0.35 


*  Transactions,  vol.  iv.,  page  364. 


DISCUSSION   ON   STEEL   RAILS.  565 

Now  in  spite  of  all  the  progress  in  steel  manufacture,  we  have  not 
succeeded  in  making  up  steel  by  prescription,  and  what  would 
therefore  become  of  the  ingots  in  which  manganese  for  some  cause 
or  other  should  happen  to  fall  below  Dr.  Dudley's  meagre  allow- 
ance? The  answer  will  be:  "  Works  must  return  to  the  old  practice 
of  hammering  ingots,"  but  I  doubt  very  much  whether  even  by  ham- 
mering, a  sounder  bloom,  and  as  a  consequence,  a  better  rail  is  ob- 
tained. 

German  government  officials,  who  as  a  rule  are  not  happy  unless 
they  can  make  things  unpleasant  for  somebody,  must  have  got  hold 
of  ,Dr.  Dudley's  formula,  as  they  lately  insist  upon  steel  being 
hammered.  Now,  there  is  not  the  least  doubt  that  some  of  the  steel 
under  Dr.  Dudley's  investigation  was  hammered,  but  I  do  not  deem 
it  necessary  to  resume  that  practice,  if  a  larger  manganese  percentage 
is  used. 

I  am  greatly  encouraged  in  this  statement  by  the  analysis  of  the 
vara  avis  of  the  series.  I  refer  to  the  one  showing  0.48  silicon. 
I  would  consider  it  sound  metal,  since  it  satisfies  my  equation  re- 
garding manganese,  and  still,  in  spite  of  its  increased  hardness  and 
its  enormous  phosphorus  units,  is  satisfactory  in  wearing  capacity. 

The  conclusions  of  Dr.  Dudley's  ingenious  experiments  seem  more 
simple  than  he  cares  to  admit,  and  could  be  condensed  by  simply 
saying  :  "  Use  iron  low  in  phosphorus,  and  do  not  make  the  steel  too 
hard." 

Regarding  tests  of  steel  made  from  such  iron,  I  would  even  be 
more  stringent  than  Mr.  Sand  berg.  Of  each  blow  I  would  make  a 
bar  about  one  inch  square,  and  bend  it  cold.  It  should  not  be  so 
hard  as  to  resist  bending  to  the  shape  of  a  horseshoe,  nor  should  it 
be  so  soft  as  to  bend  180  degrees  without  showing  signs  of  fracture. 
There  would  thus  be  obtained  a  quality  of  steel  that  would  more 
than  satisfy  Dr.  Dudley's  pretty  theory  of  infinitesimal  teeth  by 
creating  those  whose  tendency  would  be  to  neither  flatten  nor  to 
bend.  I  think  that  in  making  this  test,  and  supplementing  it  by  the 
carbon  test,  manganese  and  silicon  would  regulate  themselves  much 
more  nicely  than  any  specification  could  effect.  Every  steel-maker 
knows  that,  should  the  silicon  run  high,  the  heat  is  blown  too  short, 
carbon  will  be  increased  considerably,  and  the  test  will  not  stand. 
On  the  other  hand,  if  manganese  is  high,  the  heat  has  received  too 
much  Spiegel  (and  that  is  simple  awkwardness),  and  carbon  would 
show  the  same  result  as  above. 

In  conclusion,  I  should  think  that  railroad  authorities,  under  all 
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circumstances,  would  prefer  the  steel  with  which  they  are  now 
familiar,  to  a  specimen  that  Mr.  Sandberg  has  described  as  having 
broken  into  seventeen  pieces  under  the  wheels.  After  blowing  such 
low  manganese  steel,  it  may  be  coaxed  into  a  rail,  but  it  is  a  wonder 
that  it  holds  together  so  long  as  it  does,  with  so  great  a  number  of 
minute  flaws. 

I  would  not  in  any  way  depreciate  chemistry,  but  I  think  it  should 
be  kept  in  its  proper  sphere.  Let  the  chemist  look  after  the  quality 
of  pig  metal,  and  apply  common  sense  in  the  avoiding  of  extremes, 
then  the  most  fastidious  railroad  cannot  find  fault  with  the  result. 

Professor  Egleston,  New  York  City  :  It  is  not  my  place  as 
an  engineer  to  apologize  for  the  chemists,  but  as  no  one  seems  disposed 
to  do  so,  and  as  they  have  had  more  than  their  share  of  criticism,  I  am 
glad  to  say  that  I  believe  there  are  chemists  in  this  Institute  whose 
work  and  word  are  just  as  reliable,  and  perhaps  even  more  so,  than  that 
of  the  average  engineer.  But  we  ought  to  make  a  distinction  ;  there 
are  chemists  and  chemists.  With  the  ordinary  commercial  chemist, 
who  looks  upon  the  science  as  so  much  merchandise,  I  have  not  a  par- 
ticle of  sympathy  ;  but  with  the  chemist  who  looks  upon  his  profession 
as  engineers  do  upon  theirs,  I  have  every  sympathy.  When  manu- 
facturers and  engineers  go  to  a  chemist  and  ask  him  to  make  an  in- 
vestigation, and  screw  him  down  to  the  lowest  point,  turning  the 
equivalent  of  his  brains  into  cents  and  mills,  they  usually  get  an 
exact  equivalent  in  poor  work  for  miserable  pay,  and  no  one  has 
or  should  have  any  sympathy  with  them,  and  the  manufacturer 
under  these  conditions  has  no  right  to  ask  for  any,  and  no  reason  to 
criticise  any  work  that  he  may  get  under  such  circumstances.  But 
I  am  disposed  to  think  that  the  chemists  who  have  been  represented 
and  discussed  at  this  meeting  do  their  work  conscientiously,  and  that 
it  is  as  reliable  as  that  of  almost  any  profession. 

I  believe,  however,  that  this  problem  of  steel  rails  is  being  inves- 
tigated in  a  wrong  direction.  I  said  so  at  the  Pittsburgh  meeting, 
and  I  think  the  discussion  of  this  meeting  will  prove  it  to  all  those 
who  have  heard  it.  I  think  the  chemist  is  incapable  of  solving  this 
problem  unless  he  goes  very  far  into  the  domain  of  physical  chem- 
istry, so  far  that  it  becomes  physics  and  not  chemistry;  and  that  the 
physicist  will  be  the  one  on  whom  we  must  rely  in  the  future  for 
the  elucidation  of  the  subject.  The  chemist  may  aid  the  physicist, 
but  it  is  my  decided  opinion  that  we  are  looking  in  the  wrong 
place  to  get  the  explanation  of  the  phenomena. 
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Attention  was  called  at  the  St.  Louis,  and  afterwards  at  the  Balti- 
more meeting,  to  the  fact  that  the  pounding  which  a  rail  receives  from 
the  falling  of  the  engine  from  a  high  rail  to  a  low  one  was  sufficient 
in  many  cases  to  account  for  effects  which  have  not  been  explained  in 
this  discussion.  This  statement  was  made  after  an  extended  observa- 
tion had  been  made  of  rails  laid  over  many  hundred  miles  of  railway 
in  Europe.  But  if  it  is  true,  as  Mr.  Cloud  stated  in  his  papers 
read  yesterday,  that  the  blow  of  the  engine  is  repeated  not  only 
at  the  end  of  the  rail,  but  every  time  the  driving-wheel  makes  a 
revolution,  it  will  explain  much  of  the  giving-way  of  the  rails  over 
their  whole  length,  and  the  effects  of  these  blows  on  the  physical 
condition  of  the  steel  should  be  very  carefully  investigated.  It  was 
shown  in  the  discussion  of  the  law  of  fatigue  and  refreshment  of 
metals  at  the  meeting  in  Montreal,  that  every  blow  was  accompanied 
by  a  physical  effect  which  could  be  rendered  distinctly  visible.  The 
blow  and  pressure  of  the  gag  which  always  leaves  its  trace  on  the 
rail  is  certaiidy  less  of  a  physical  effect  than  the  constant  and  raj)idly 
repeated  series  of  blows  which  the  rail  receives  from  the  continual 
passing  of  trains,  yet  the  gagging  always  injures  a  rail  and  some- 
times destroys  it. 

At  the  Baltimore  meeting  two  rails  were  shown  which  had  been 
placed  in  essentially  different  conditions,  and  which  had  been  sub- 
ject to  a  cold  flow  of  the  metal  in  every  part  of  the  rail  even  to  the 
very  outside  of  the  foot.  Mr.  Metcalf  yesterday  showed  this  same 
kind  of  a  flow  in  rolls.  He  also  spoke  of  the  ignoring  of  the  copper 
in  the  analyses  of  steel  rails.  At  the  Washington  meeting  in  1876, 
the  statement  was  challenged  that  good  steel  rails  had  been  made  con- 
taining any  very  large  percentage  of  copper,  and  though  repeatedly 
promised  the  analyses  of  such  rails  they  have  never  been  produced. 
Some  years  ago,  in  visiting  one  of  the  largest  steel  works  where 
the  ingots  are  compressed,  I  noticed  a  jet  of  blue  flame  passing  out 
from  the  bottom  of  the  ingot  mould,  which  I  at  first  thought 
was  phosphorus,  but  which  I  afterwards  determined  to  be  copper. 
Certainly,  if  there  is  enough  copper  in  the  rail  to  allow  of  its  be- 
coming visible  in  the  color  of  the  flame,  there  must  be  enough  to  in- 
fluence its  physical  condition  and  its  life,  and  we  cannot  afford  to 
neglect  it. 

I  have  also  had  occasion  to  show  that  bubbles  produced  in  the 
steel  ingots  were  never  rolled  out  of  them,  and  that  if  they  were 
once  in  the  ingot  they  remain  in  the  rail  and  arrange  themselves 
in  such  positions  that  they  were  sure  sooner  or  later  to  engender 
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a  weakness  in  the  direction  which  the  cavities  take.  As  these 
bubbles  are  never  rolled  out  as  the  rail  wears,  they  come  to  the  sur- 
face, and  the  rail  which  shows  a  chemical  analysis  which  is  perfect, 
becomes  imperfect  from  a  physical  defect.  Every  one  who  is  familiar 
with  the  breakino:  of  metals  in  a  testins^  machine  has  been  made 
aware  of  the  fact  that  these  bubbles  will  often  cause  metals  whose 
analysis  is  faultless,  to  break  with  a  very  low  tensile  strength,  while 
a  piece  without  bubbles,  taken  from  the  same  sample,  will  break 
with  a  high  one.  These  bubbles  are  sometimes  finer  than  pin-holes. 
I  have,  in  investig-atino^  this  fact  in  railroad  material,  occasionallv 
come  across  iron  and  steel  which  were  so  fatigued  at  the  time  that 
they  left  the  rolls,  that  they  were  really  unfit  for  service;  and  1  have 
seen  new  rails  which  I  should  not  feel  justified  in  placing  in  any  other 
position  than  on  a  side  track.  This  question  of  fatigue  in  the  course 
of  manufacture  has  not  been  discussed  at  all  so  far  as  I  know.  I 
took  occasion  to  show  in  the  St.  Louis  meeting,  that  a  rail  taken 
from  the  Northern  Railway  of  France,  which  I  had  the  pleasure  of 
examining,  and  which  was  condemned  as  good  for  nothing,  and 
which  the  manufacturers  were  obliged  to  replace,  when  brought  to 
Paris  and  submitted  to  chemical  and  physical  tests,  proved  to  be  as 
good  as  any  rails  which  were  in  the  service.  These  kind  of  physical 
defects  are  the  ones  which  are  to  be  looked  after ;  and,  in  fact,  nearly 
all  the  defects  for  which  a  chemical  solution  is  demanded  are  physical. 
I  have  within  the  last  year  had  occasion  to  examine  metals  and 
alloys  which  are  fatigued,  and  find  that  while  chemically  the  same, 
they  act  physically  so  entirely  differently  that  I  hope  at  some  future 
meeting  of  the  Institute  to  bring  the  matter  before  you. 

I  am  at  a  loss  to  know  why  certain  chemical  substances  which 
we  know  are  in  the  iron,  or  are  likely  to  be  there,  should  not  be  de- 
termined, and  their  effects  discussed.  Copper  is  one  of  these,  sul- 
phur is  another,  titanium  and  vanadium  are  known  to  be  sometimes 
there.     Why  should  not  the  effects  of  these  substances  be  discussed  ? 

Mr.  Metcalf  has  alluded  to  the  question  of  occluded  gases.  I 
have  had  occasion  to  show  recently  in  my  laboratory  that  as  a  gen- 
eral thing  metals  and  alloys  which  were  brittle  from  fatigue,  con- 
tained a  much  larger  amount  of  gas  than  the  same  metal  which  was 
not  fatigued.  I  have  also  ascertained  that  the  metals  in  this  con- 
dition go  into  solution  in  a  manner  quite  different  from  those  not 
fatigued.  I  think  also  that  the  place  from  which  the  sample  is  taken 
from  the  rail  will  make  some  difference  with  reo^ard  to  the  results. 
Some  one,  I  do   not  remember  who,  made  an  investigation   some 
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years  ago  upon  tlie  effect  of  having  the  rails  always  rolled  in  the 
same  direction,  and  also  of  having  them  rolled  backwards  and  for- 
wards, and  showed  that  under  the  latter  course  there  were  of  neces- 
sity weak  spots  somewhere  near  the  centre  of  the  rail,  yet  in  all  this 
discussion  the  methods  of  rolling  have  been  passed  by  almost  in 
silence. 

Mr.  Sandberg  in  his  paper  mentions  the  idea  of  using  a  registering 
dynamometer  attached  to  the  punching  machines,  and  of  determining 
the  quality  of  the  metal  by  the  resistance  which  is  shown.  I  think 
the  first  idea  of  this  kind  was  published  by  Professor  Langley,  then 
of  Pittsburgh,  who,  while  making  some  investigations  for  Messrs. 
Miller,  Metcalf  and  Parkin,  announced  as  the  result  of  a  series  of 
dynamometric  experiments  that  abrasive  resistance  was  the  term 
which  should  be  used  in  regard  to  steels  of  different  wearing  quali- 
ties. I  have  had  extremely  delicate  dynamometers  attached  to  the 
instruments  of  precision  with  which  I  am  making  the  investigation 
on  the  fatigue  of  metals,  and  hope  soon  to  communicate  the  results 
of  the  investigation  made  with  them  to  the  Institute. 

I  wish  ao:ain  to  call  attention  to  the  fact  that  we  are  usins:  the 
words  '^hardener''  and  ^'hardness''  without  any  real  idea  of  the 
meaning  of  these  words.  When  we  say  hard  and  soft,  as  we  have 
been  constantly  doing  during  this  discussion,  is  it  quite  sure  that 
every  one  has  exactly  the  same  meaning  in  his  mind  ?  Certainly, 
when  hard  is  used  in  distinction  from  soft,  we  mean  not  the  capacity 
of  wear,  but  the  capacity  of  resistance  to  penetration,  to  fracture,  or 
some  other  resistance,  and  do  not  always  mean  the  capacity  of  resist- 
ance to  abrasion  or  crushing,  which  the  discussion  would  sometimes 
seem  to  imply  were  the  only  qualities  requisite  to  constitute  a  good 
rail. 

J.  W.  Cloud,  Altoona,  Pa.  :  I  would  call  the  attention  of  the 
Institute  to  the  title  of  Dr.  Dudley's  interesting  and  valuable  paper, 
— "  The  Wearing  Capacity  of  Steel  Rails  in  relation  to  their  Chemi- 
cal Composition  and  Physical  Properties.''  Here  are  two  separate 
and  distinct  questions:  1st,  The  wearing  capacity  of  steel  rails  in 
relation  to  their  chemical  content ;  and  2d,  the  wearing  capacity  of 
steel  rails  in  relation  to  their  physical  properties. 

The  discussion  has  been  almost  exclusively  confined  to  the  former 
question,  on  which  there  may  be  many  differences  of  opinion  in 
matters  of  detail  without  greatly  affecting  the  result.     The  latter 
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question  has  been  ignored,  and  I  wish  to  call  attention  to  it,  particu- 
larly, because  it  is  the  practical  question  after  all  from  the  con- 
sumer's standpoint,  and  because  the  paper  under  discussion  is  more 
decisive  on  this  question  than  on  the  other.  In  fact,  I  think  we 
must  admit  that  Dr.  Dudley  has  established  his  main  point,  viz., 
that  the  softer  steel,  physically,  gives  the  slower  wear,  contrary  to 
general  belief  among  engineers  in  this  country. 

Of  course,  we  are  all  interested  in  the  whole  subject  from  a  scien- 
tific standpoint,  but  as  the  discussion  has  been  participated  in  largely 
by  manufacturers  of  steel,  with  a  business  animus,  and  as  they  have 
endeavored  to  overthrow  Dr.  Dudley's  chemical  recommendations 
because  they  are  necessarily  the  most  vulnerable  points  in  the  paper, 
I  wish  to  recall  attention  to  the  facts  of  the  physical  properties  as 
being  the  consumer's  only  practical  guide,  and  as  affording  the  most 
conclusive  results  in  the  data  before  us. 

The  consumer  of  steel  rails  cannot  test  every  blow  chemically, 
but  he  can  do  so  physically,  and  it  is  my  opinion  that  a  bending  test 
of  a  whole  rail  section,  say  three  feet  long,  under  steady  pressure, 
instead  of  a  drop,  with  a  specified  deflection,  without  cracking,  and 
a  load  not  to  be  exceeded  to  produce  this  deflection  for  each  rail 
section,  will  be  a  good  practical  test,  not  burdensome  to  manufac- 
turers, and  one  that  will  insure  consumers  such  a  degree  of  softness 
in  steel  as  they  may  desire. 

They  should  not  attempt  to  dictate  to  manufacturers  how  this 
dei^free  of  softness  shall  be  obtained  chemically,  but  allow  them  full 
freedom  to  do  as  they  please,  so  the  proper  physical  properties  are 
had.  Further,  we  are  no\v  in  possession  of  the  information  requisite 
to  make  such  specifications  with  the  certainty  of  greater  safety  as 
well  as  more  economical  results  in  the  life  of  rails. 

I  have  recently  had  opportunities  at  Altoona,  to  see  other  and 
very  convincing  evidences  of  wear,  as  compared  with  physical  soft- 
ness. The  locomotive  driving-wheels  probably  cause  at  least  one- 
half  of  the  wear  of  rails,  and  the  forces  which  go  to  wear  the  rails 
from  tlie  tires,  must  react  with  similar  intensities  on  the  tires  them- 
selves. We  therefore  have  in  driving-wheel  tires,  an  opportunity 
to  see  the  wear  in  a  more  concentrated  form,  so  to  speak,  or  with 
rates  as  well  as  differences  magnified.  I  have  recently  found  differ- 
ences of  one  inch  to  two  inches  in  circumference  of  two  tires  on  the 
same  axle  when  coming  to  shop  for  turning,  and  it  is  invariably 
evident  that  the  smaller  tire  is  much  the  harder,  the  chips  from  it 
being  short  and  brittle,  while  chips  from  the  larger  tire  are  much 


J 


DISCUSSION    ON   STEEL    RAILS.  571 

longer  and  tougher.  In  the  worst  case  I  have  observed,  viz., 
two  inches  difference  in  circumference,  this  difference  in  hardness,  as 
observed  from  the  cutting,  was  more  marked  than  in  the  other  cases. 
Tires  are  always  grouped  in  sets  by  the  manufacturers  from  their 
knowledge  of  the  chemical  composition  of  the  steel,  with  an  attempt 
to  get  tliose  in  one  set  which  have  the  same  degree  of  hardness,  so 
that  the  wear  shall  be  equal  all  around  ;  they  succeed  pretty  well 
on  the  average,  but  I  have  been  noting  the  exceptions. 

Jacob  Reese,  Pittsbukgh,  Pa.  :  I  have  been  very  much  inter- 
ested in  the  reading  and  discussion  of  Dr.  Dudley's  paper.  As  far 
as  it  relates  to  the  data  of  work  performed  by  the  rails,  and  the 
determination  of  their  physical  and  chemical  properties,  I  have 
nothing  but  commendation  of  Dr.  Dudley  to  express,  as  the  investi- 
gation covered  a  greater  range,  and  was  performed  with  more  care 
in  detail,  than  any  similar  work  which  has  come  under  my  notice. 
But  I  beg  leave  to  differ  with  Dr.  Dudley  in  his  conclusions. 

What  are  the  factors* of  hardness?  Are  they  not  carbon,  silicon, 
phosphorus,  and  manganese?  Now  it  is  an  undisputed  fact  among 
metallurgical  experts  that  pure  carbon  and  pure  iron  make  the  best 
steel  of  all  degrees  of  carburization,  and  for  all  purposes.  While 
carbon  hardens,  it  also  strengthens  the  metal,  but  silicon,  phosphorus, 
and  manganese,  in  hardening,  make  the  metal  also  brittle,  and  are 
injurious  in  any  amount.  Carbon  should  be  called  a  drencjthener; 
and  I  claim  that  a  steel  rail  made  hard  with  carbon,  with  the  other 
three  hardeners  absent  or  reduced  to  a  minimum,  will  carry  a  greater 
tonnage  than  any  of  Dr.  Dudley's  soft  rails. 

But  until  the  basic  process  is  put  into  operation  in  this  country  we 
cannot  expect  to  produce  Bessemer  or  open-hearth  steel  without  the 
presence  of  silicon,  phosphorus,  and  manganese,  in  considerable 
quantities,  and  I  greatly  doubt  the  possibility  of  reducing  the  per- 
centage of  any  of  them  by  the  present  practice  without  seriously 
diminishing  the  output,  and  correspondingly  increasing  the  net  cost 
of  production;  which  is  an  important  question,  since  the  increased 
life  of  the  rail  may  be  more  than  balanced  by  its  increased  cost. 

I  think  that  the  soft  rails  performed  a  greater  amount  of  work, 
because  they  contained  a  less  amount  of  silicon,  phosphorus,  and 
manganese  {brlttlers,  if  I  may  so  term  them),  and  that  carbon  does 
not  reduce  the  wearing  capacity  of  rails.  I  believe  that  a  rail  made 
by  the  basic  process,  with  silicon,  phosphorus,  and  manganese  re- 
duced to  a  minimum,  and  containing  0.60  carbon,  will  be  stronger 


572  DISCUSSION   ON   STEEL    RAILS. 

and  tougher,  and  will  carry  double  the  tonnage  of  any  of  Dr.  Dud- 
ley's soft  rails. 

C.  E.  Stafford,  Steelton,  Pa.  :  I  must  confess  my  high  ap- 
preciation of  Dr.  Dudley's  conscientious  and  painstaking  work,  and 
of  his  scientific  methods  in  obtaining  the  data;  but  with  his  method 
of  handling  these  results  and  with  his  conclusions  drawn  therefrom 
I  cannot  agree.  The  reasons  for  this  difference  of  opinion  I  will 
endeavor  to  explain. 

It  is  apparent  on  inspecting  his  Plates  6  and  7  that  the  majority 
of  the  slower- wearing  rails  are  from  the  north  track,  and  generally 
have  a  longer  time  of  service,  a  greater  average  tonnage  per  rail, 
and  a  smaller  average  tonnage  per  year  per  rail  than  the  faster- 
wearing,  the  majority  of  which  are  from  the  south  track,  and  gener- 
ally have  a  shorter  time  of  service,  a  smaller  average  tonnage  per 
rail,  and  a  greater  average  tonnage  per  year  per  rail.  Have  these 
facts  any  significance  ?  Have  these  differences  of  conditions  to  which 
they  are  subjected  any  bearing  on  the  relative  wearing  capacity  of 
these  rails?  I  venture  to  say  they  have.  I  think,  after  a  study  of 
Table  I  (page  575),  (an  arrangement  of  lines  17  and  18  of  Plate  8),  in 
connection  with  Plates  6  and  7,  we  will  find  that  the  slower  wear  of 
the  32  best  rails  is  only  partly  due  to  qualities  inherent  in  the  rails 
themselves,  but  is  principally  due  to  external  conditions  favorable  to 
slower  wear. 

In  regard  to  the  north  and  south  track,  we  know  that  over  the 
south  track  come  the  loaded  cars  from  the  West,  and  that  over  the 
north  track  these  cars  return,  most  of  them,  empty.  It  is  evident 
that  this  means  for  the  north  track  a  less  average  tonnage  per  rail 
per  year;  or,  in  other  words,  a  lower  wheel  tonnage.  When  the 
load  per  wheel  is  less,  the  resistance  and  consequently  the  wear  must, 
necessarily,  be  less,  other  things  being  equal. 

Time  of  service,  also,  has  an  important  bearing  on  the  question 
in  hand.  It  has  been  only  within  the  last  five  or  six  years,  as  Dr. 
Dudley  has  pointed  out,  that  the  roadbed  of  the  Pennsylvania  Rail- 
road has  reached  its  present  admirable  condition.  Before  this  time 
the  roadbed  was  more  elastic,  more  yielding  (and  probably  not  uni- 
formly so)  than  at  present.  These  circumstances  might  cause  a 
softer  rail  to  be  more  durable  than  a  harder  one,  owing  to  the  fact 
that  it  would  yield  more  or  less  to  the  bending  force  of  the  passing 
load  and  would  thus  get  a  bearing  on  each  cross-tie.  The  harder 
rail,  on  the  other  hand,  being  stiffer  and  more  unyielding,  would  not 
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have  this  bearing  uniformly,  and  would  thus,  to  a  greater  or  less 
degree,  be  subjected  to  the  same  conditions  as  a  beam  under  shock, 
vibration,  and  a  ra])idly  moving  load.  Under  such  conditions,  I 
believe,  a  harder  rail  would  crush,  break,  and  perhaps  wear  out  more 
easily  and  quickly  than  a  softer  rail.  This  agrees  with  Dr.  Dudley's 
statement:  ''With  the  improvement  in  maintenanceof  way,  during  the 
last  five  or  six  years,  the  removal  of  rails  from  track  from  the  first  two 
of  these  causes  has  quite  notably  diminished."  Under  conditions  as 
they  now  exist  on  the  Pennsylvania  Railroad,  I  believe,  the  harder 
rail  will  give  the  slower  wear.  With  the  ballast  comparatively  solid 
and  unyielding,  as  at  present,  the  rail,  having  a  more  nearly  perfect 
and  uniform  bearing,  and  acting  less  the  part  of  a  beam  than  that 
of  an  anvil  must,  in  my  opinion,  be  a  hard  one,  to  withstand  the 
pounding  of  the  locomotive  and  the  abrasioudue  to  combined  rolling 
and  sliding  friction. 

Viewed  in  this  light  a  hard  or  soft  rail  would  be  respectively 
preferable  as  the  maintenance  of  way  has  become  more  or  less  prac- 
tically perfect.  Of  the  seven  rails,  in  track  seven  years  or  less,  in- 
cluded in  the  slower-wearing  division,  and  whose  phosphorus  units 
average  40.95,  there  will  be  found  but  one  showing,  under  the  same 
conditions,  a  slower  wear  for  the  softer  rail.  As  these  rails  were  put  in 
track  during  and  after  the  improvement  in  maintenanceof  way,  they 
tend  to  confirm  the  proposition  that  with  a  well-ballasted  track  the 
harder  rails  give  the  slower  wear.  Next  under  the  head  of  time  of 
service  comes  the  consideration  of  the  wheel  tonnage  (the  average 
tonnage  per  rail  per  year  in  Table  I).  This,  as  pointed  out  by  Mr. 
Ashbel  Welch,  nas  been  increased  over  60  per  cent,  within  the  last 
five  or  six  years.  The  speed  and  the  weights  of  locomotives,  cars, 
and  trains  have  also  been  increased  within  this  period.  With  the 
increase  of  each  of  these  quantities  resistance  increases.  This  in- 
creased resistance  must  be  overcome  by  increased  friction  between 
drivers  and  track,  which,  other  conditions  being  the  same,  must 
result  in  greater  or  more  rapid  wear  than  formerly.  Further,  with 
greater  speed  and  weights  the  defects  in  the  rolling  stock — as  flat  and 
improperly  coned  wheels,  worn  tires,  etc. — must  cause  greater  injury 
to  the  rail.  It  must  be  borne  in  mind  that  the  average  wheel  ton- 
nage of  the  north  track  is  less  than  that  of  the  south  track  during 
the  entire  period  considered. 

It  will  be  noticed,  in  Table  I,  that  the  average  tonnage  per  rail 
(not  the  average  tonnage  per  rail  per  year)  of  the  slower- wearing 
rails  is  much  greater  than  that  of  the  faster- wearing.     I  call  atten- 
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tion  to  this  fact  because  I  believe  it  to  be  important.  We  know 
that  the  head  of  a  rail  when  new,  is  more  or  less  rough,  and  that 
this  roughness  wears  off  rapidly  with  the  first  few  million  tons  of 
service;  consequently,  if  the  loss  is  determined  when  the  tonnage  is 
low,  the  loss  per  million  tons  will  not  show  the  actual  wearing  rate 
during  its  future  use.  Of  course,  this  influence  on  the  wearing  rate 
becomes  less  and  less,  as  the  tonnage  increases.  After  wearing  off 
this  roughness,  it  may  be  that  the  succeeding  few  million  tons  cold- 
roll  or  hammer  the  surface,  causing  it  to  more  successfully  resist  sub- 
sequent wear.  From  the  history  of  the  road  it  is  evident  that  those 
rails  having  a  long  time  of  service  possess  advantages  in  favor  of 
slow  wear.  'Not  only  have  they  a  high  tonnage,  but  they  also  have 
had  a  preparation  and  wear  of  the  surface  while  the  wheel  tonnage 
was  light;  the  later  rails  have,  on  the  other  hand,  been  subjected 
from  the  start  to  a  heavier  wheel  tonnage  with  the  accompanying 
conditions  unfavorable  to  slow  wear.  Upon  the  relative  wear  on 
different  grades,  and  curves,  and  combinations  of  the  two,  it  is  un- 
necessary to  dwell. 

Having  tried  to  make  plain  the  tendency  of  each  of  these  condi- 
tions, I  will  now  tabulate  them  : 


Conditions  Favorable  to  Slower  Wear. 

North  track. 
Lighter  wheel  tonnage. 
Longer  time  of  service. 
Greater  tonnage. 
Lighter  grade. 
Lower  degree  curve. 


Conditions  Unfavorable  to  Slower  Wear. 

South  track. 
Heavier  wheel  tonnage. 
Shorter  time  of  service. 
Smaller  tonnage. 
Heavier  grade. 
Higher  degree  curve. 


I  do  not  say  these  conditions  will  absolutely  determine  the  rela- 
tive positions  of  the  64  rails,  because  we  do  not  know  the  ratio  of 
the  wear  of  a  given  rail  under  a  known  set  of  conditions  (favorable, 
or  unfavorable,  or  both),  to  the  wear  of  the  same  rail  under  another 
known  set  of  conditions;  also  because  of  conditions  not  given  in  the 
data,  and  because  of  exceptions  named  below.  But  what  I  have 
tried  to  make  plain  in  the  preceding  remarks  is  that,  in  general,  the 
32  best  rails  have  been  in  service  under  conditions,  in  the  main, 
favorable  to  slower  wear.  When  this  is  not  the  case,  the  rail,  meas- 
ured by  phosphorus  units,  is  hard,  and  with  one  exception  (rail  915 
referred  to  later),  harder  than  its  companion  subjected,  as  far  as 
known,  to  the  same  conditions. 

To  put  it  more  concisely,  the  slower  wear  of  the  32  best  rails  is 
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due  to  external  conditions,  which,  when  summed  up,  are  favorable 
to  slower  wear,  and  not  to  qualities  inherent  in  the  rails  them- 
selves; except  in  a  few  cases,  and  these  when  the  rails  are  hard.  If 
this  statement  is  true,  then  Dr.  Dudley's  conclusion,  that  the  slower 
wear  of  the  32  best  rails  is  due  to  their  being  softer  than  the  32 
faster  wearing  does  not  hold. 

With  the  object  of  learning  further  what  averages  of  these  64  rails 
may  point  out  to  us,  I  have  arranged  them  differently,  as  seen  in 
Table  II.  We  may  thus  be  able  to  learn  whether  the  indications 
of  the  first  averages  are  confirmed  or  not;  or  whether  the  first  aver- 
ages, when  studied  with  the  second,  may  fairly  be  interj)reted  to 
point  to,  or  at  least  not  disprove,  conclusions  radically  differing  from 
those  first  drawn. 

TABLE  L 


All   conditions 
slower-wearing.  22 

All    conditions,  | 
faster-wearing.    ilO 
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TABLE  II. 


N.  track  rails.. 
S.  track  rails. 


32j  0 
0  32 


5% 
11% 


.0638 
.0740 


46,545,146  4,906,225 
47,285,770  ,7,978,227 


.390 


.329 
.395 


Si. 


.077 
.106 


.071 
.111 


.060 
047 


.064 
.043 


Mn. 


.491 
.647 


31.3 
38.9 


508     31.4 


.631 


38.9 


In  Table  I,  which  we  have  just  been  considering.  Dr.  Dudley  has 
found  that  32  rails  of  a  certain  average  chemical  composition,  show 
a  much  slower  wear  than  32  rails  of  a  different  average  chemical 
composition.  The  32  slower- wearing  rails  averaging  softer  than  the 
32  faster- wearing,  the  conclusion  is  drawn  that  this  slower  wear  is 
due  to  this  fact.  Apparently,  this  inference  is  true,  but  as  we  have 
just  seen,  this  slower  wear  is  probably  due  to  other  causes.  In 
Table  II  we  have  a  comparison  of  rails  in  the  north  and  south  track. 
This  gives  us  hard  and  soft  rails  averaging  practically  the  same 
chemically  as  those  in  Table  I,  but  showing  a  decided  difference  in 
the  wear  per  million  tons^,  comparing  the  soft  and  hard  of  the  one 
with  the  soft  and  hard  of  the  other,  respectively ;  also,  in  the  ratio 
of  wear  between  the  soft  and  hard  of  each.  In  Table  I  this  ratio  is 
1  to  2.03;  in  Table  II,  1  to  1.16.  Even  this  slight  difference  prob- 
ably would   not  have  appeared  if  the  north  and   south   rails  had 


576  DISCUSSION   ON    STEEL   RAILS. 

been  equal  in  number  in  both  curves  and  tangents.  By  consulting 
Dr.  Dudley's  Plates  6  and  7  the  distribution  will  be  found  to  be  as 
follows:  In  tangents,  19  north  track  rails  and  13  south;  in  curves, 
only  13  north  track  rails  and  19  south.  As  it  is,  in  the  south  track 
rails  with  a  wheel  tonnage  (average  tonnage  per  rail  per  year)  62J 
percent,  greater,  there  is  a  wear  only  16  per  cent,  greater;  and  this 
with  nearly  equal  average  rail  tonnage  on  both.  With  these  circum- 
stances in  mind  we  may  fairly  conclude  from  Table  II  that,  under 
the  same  conditions,  the  harder  rails  would  give  the  better  wear, 
which  indication  Table  I  does  not  contradict.  This  conclusion, 
like  the  one  before,  is  in  favor  of  the  harder  rails. 

We  have  considered  the  conditions  furnished  by  Dr.  Dudley 
favorable  and  unfavorable  to  slower  wear.  That  there  are  other 
conditions  which  materially  affect  the  relative  wear  of  rails  will 
readily  occur  to  all. 

Among  others,  in  addition  to  those  given,  are  the  following : 
Whether  the  speed  is  the  same  over  all  of  the  rails  ;  whether  the  rail 
is  subjected  to  more  than  ordinary  wear  by  the  stopping  and  starting 
of,  or  by  the  decreasing  or  the  increasing  of  the  speed  of  trains,  as 
at  or  near  train  and  watering  stations,  switches,  crossings,  sidings, 
bridges,  tunnels,  grades,  curves,  etc. ;  whether  on  tangents  both  sides 
of  track  at  the  same  place  are  at  the  same  level ;  whether  on  curve, 
the  rail  is  taken  near  entering  tangent  or  elsewhere;  whether  the 
elevation  of  the  outer  rail  in  each  case  corresponds  to  the  average 
speed  of  trains  at  that  curve;  whether  the  character  and  condition  of 
ballast  and  roadbed  is  the  same  for  all  rails;  and  other  conditions 
known  to  those  familiar  with  maintenance  of  way. 

These  conditions,  more  or  less  local  in  their  character  have,  it 
seems  to  me,  been  too  little  considered  in  the  study  of  "the  wearing 
capacity  of  steel  rails  with  relation  to  their  chemical  composition 
and  physical  properties.'' 

With  these  circumstances  in  mind  we  must  agree  with  Mr.  Hunt 
that  *'  averages  are  dangerous."  In  comparing  different  sets  of  rails, 
when,  in  each  set,  varying  quantities  (conditions)  too  indefinite  to 
be  averaged  or  not  averageable  are  associated  with  others  which  are 
definite  and  can  be  averaged,  and  when  the  maximum  and  minimum 
in  one  set  are  greater  and  less  respectively  than  the  maximum  and 
minimum  of  the  other,  and  where  a  quantity  in  one  rail  differs 
greatly  from  the  other  rails  in  the  same  set,  making  the  average  to 
differ  widely  from  any  quantity  of  the  same  kind  in   that  set,  can 
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averages  give  conclusions  which  can  reasonably  be  accepted  as  true  be- 
yond a  doubt  ?  I  do  not  think  they  can.  We  have  seen  that  widely 
different  concbisions  can  he  drawn  from  indications  given  by  aver- 
ages made  up  from  different  arrangements  of  the  same  rails.  In- 
deed, I  believe,  that  conclusions  drawn  from  averages  made  up 
from  any  number  of  rails  under  so  many  and  such  different  condi- 
tions would  be  of  value  only  when  confirmed  by  other  data. 

To  properly  study  the  relative  wearing  capacity  of  steel  rails  with 
reference  to  their  chemical  composition  and  physical  ])roperties,  we 
must  compare  rails  subject  to  the  same  conditions,  as  far  as  is  practical, 
and  which  only  vary  in  their  chemical  composition  and  physical 
properties.  I  have  attempted  to  do  this  in  the  following  table,  made 
up  from  Dr.  Dudley's  level  and  grade  tangents  and  grade  curves. 
The  members  of  each  group  have  been  in  the  same  tracik  the  same 
time,  are  from  the  same  locality,  and  have  the  same  grade  and  cur- 
vature (if  any) ;  or,  in  other  words,  have  been  subjected  to  the  same 
conditions,  as  far  as  known.  It  will  be  noticed  that  Nos.  893,  920, 
and  928  of  the  level  and  grade  tangents  have  been  omitted,  and  also 
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all  of  level  and  grade  curves  excepting  Nos.  897,  898,  899,  and  900, 
because  of  the  impossibility  of  grouping  them  in  the  same  manner, 
no  two  having  the  chemical  composition  and  physical  properties  as 
the  only  variables.  Phosphorus  units  have  been  taken  to  show  the 
relative  hardness.  Of  these  16  groups,  10  decidedly  indicate  slower 
wear  for  the  harder  rail. 

Of  the  remaining  6  groups,  three  (groups  2,  9,  and  15)  come  well 
within  the  limits  of  error  (.25  pound  per  yard)  inherent  in  the  cal- 
culation of  the  data  as  pointed  out  by  Dr.  Dudley;  they  cannot, 
therefore,  be  considered  as  exceptions.  Groups  2  and  15  are  but 
little  outside  of  the  limits  of  error.  Rail  923  of  group  9  is  obviously 
abnormal.  This  is  probably  due  to  its  being  overheated,  which  the 
chemical  analysis  shows  might  easily  be  the  case,  and  which  the 
physical  tests  and  its  low  specific  gravity  tend  to  confirm.  We  may 
say,  then,  that  13  of  these  16  groups  fairly  indicate,  if  they  do  not 
definitely  point  out,  that,  under  the  same  conditions,  the  harder  rail 
gives  the  slower  wear. 

Of  course,  these  comparisons  are  too  few  to  enable  us  to  arrive  at 
positive  conclusions;  but  indications  thus  obtained  are,  I  believe, 
far  more  valuable  and  trustworthy  than  those  that  averages  would 
give  us,  made  up  from  any  number  of  rails  under  many  different 
conditions. 

Finally,  it  seems  to  me,  that  the  conclusions  arrived  at  earlier  in 
my  remarks,  together  with,  and  confirmed  by  the  last,  show  strong 
evidence  that,  under  the  same  conditions,  the  harder  rail  will  give 
the  slower  wear. 

O.  Chanute,  New  York  City:  We  are  very  much  obliged,  I 
am  sure,  to  Mr.  Sandberg  for  his  paper  upon  ''Rail  Specifications 
and  Rail  Inspection  in  Europe.''  We  have  in  the  United  States 
hitherto  been  inspecting  rails  somewhat  haphazard,  and  we  are  glad 
to  get  the  results  of  Mr.  Sandberg's  long  experience. 

We  recognize  that  he  was  among  the  first,  if  not  the  very  first,  to 
apply  more  rational  and  scientific  rules  to  the  designing  of  iron  rails, 
and,  more  recently,  to  adapt  these  rules  to  the  designing  of  steel 
rails,  to  conform  to  the  capabilities  and  requirements  of  this  new 
material.  Although  we  have  generally  adopted,  in  this  country, 
sections  for  steel  rails  which  many  of  our  railway  men  think  even 
better  than  those  of  Mr.  Sandberg,  he  is  nevertheless  the  leader  in 
whose  footsteps  we  have  followed  ever  since  it  has  been  established 
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that  the  fish-joint  was  the  best  method  of  fastening  the  rails  together 
at  the  ends. 

We  have  not  yet,  however,  been  able  to  formulate  or  to  adopt  any 
well-established  relation  between  the  height  and  weight  of  the  rail 
and  the  weight  and  speed  of  the  engines,  such  as  he  indicates  in  his 
Table  No.  I.  For  instance,  the  New  York  Central  rail  is  4J  inches 
deep,  and  weighs  65  pounds  per  yard,  while  its  locomotives  are  of 
37  tons  maximum  weight.  The  Erie  rail  is  4y^g  inches  deep,  with 
63  pounds  weight  per  yard,  and  the  Pennsylvania  rail  is  4J  inches 
deep,  with  67  pounds  weight  per  yard,  while  the  maximum  w'eight 
of  locomotives  upon  both  these  latter  lines  is  50  tons.  Now  which 
is  right?  I  am  inclined  to  believe  that  the  Pennsylvania  Railroad 
follows  the  better  practice,  not  because  the  other  rails  are  too  light 
for  the  engines,  but  because  inasmuch  as  steel  rails  wear  out  by 
abrasion,  and  not  by  lamination,  the  Pennsylvania  rail  promises  to 
be  serviceable  until  about  12  pounds  of  metal  per  yard  are  worn  off 
from  the  head,  while  the  Erie  rail  will  probably  have  to  be  removed 
from  the  track  when  some  8 J  pounds  are  worn  off. 

Timber  is  still  so  cheap  with  us  that  we  have  not  hitherto  con- 
cerned ourselves  very  greatly  about  the  strength  of  our  rails  consid- 
ered as  beams.  If  after  having  adopted  a  rail  section,  say  between 
50  and  60  pounds,  we  have  found  it  a  little  too  limber  under 
increasing  weight  of  locomotives,  we  have  simply  put  the  ties  nearer 
together,  and  we  have  thus  arrived  at  the  general  practice  of  spacing 
them  about  2  feet  between  centres,  while  I  notice  that  Mr.  Sand- 
berg's  calculations  of  required  stiffness  are  based  upon  having  the 
supports  3  feet  apart. 

We  are  careful,  however,  to  limit  the  weight  upon  our  driving- 
wheels  to  a  maximum  of  12,000  pounds  (excepting  a  few  experi- 
mental locomotives),  and  when  our  gradients  and  trains  require  more 
adhesion  than  can  be  obtained  from  the  standard  "American'' 
engine,  we  think  it  better  to  adopt  the  "  Mogul "  type,  w^ith  6 
drivers,  or  the  "Consolidation,"  with  8  drivers;  the  latter  having 
generally  an  average  of  but  11,000  pounds  per  driving-wheel,  and 
being  no  harder  on  the  rail  than  other  classes  of  locomotives. 

Believing  that  much  of  the  w^ear  of  rails  results  from  undue 
pressures,  I  have  made  some  experiments  to  determine  the  area  of 
the  surfaces  in  contact  between  wheels  and  rails.  These  were  ob- 
tained by  jacking  up  a  wheel,  and  introducing  between  it  and  the 
rail  a  piece  of  thin  tissue-paper,  underlaid  with  a  slip  of  black 
manifold  copying-paper.      Upon  lowering  the  wheel,  it  generally 
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crushes  a  hole  in  the  paper,  and  gives  a  fair  impression  of  the  sur- 
faces in  contact.  If  the  wheel  and  rail  were  inelastic,  this_^  contact 
would  be  a  mere  line,  but  as  they  both  yield,  it  becomes  a  surface 
which  varies  with  the  weig^ht  on  the  wheel  and  with  its  condition. 

I  found  that  with  11,000  to  12,000  pounds'  weight  upon  a  loco- 
motive driving-wheel  of  about  5  feet  diameter  the  pressures  were 
generally  35,000  to  40,000  pounds  to  the  square  inch,  although  they 
occasionally  ran  up  much  beyond  this,  but  that  with  14,000  pounds 
on  a  driver  the  pressures  became  from  50,000  to  80,000  pounds  to 
the  inch,  or  beyond  the  elastic  limit  even  of  steel. 

I  also  found  that  under  empty  freight  cars,  with  say  2400  pounds 
on  a  33-inch  wheel,  the  pressures  were  generally  20,000  to  30,000 
pounds  j)er  square  inch;  that  with  the  car  loaded  with  11  tons, 
increasing  the  weight  to  say  5150  pounds  per  wheel,  these  pressures 
became  about  35,000  pounds  to  the  inch,  while  if  the  car  was  loaded 
with  20  tons,  thus  giving  7400  pounds  per  wheel,  the  pressures 
increased  to  50,000  or  60,000  pounds  to  the  square  inch. 

As  we  increase  the  weight  upon  our  cars,  therefore, — and  I  believe 
this  to  be  the  correct  and  inevitable  practice, — we  must  be  prepared 
to  find  our  steel  rails  wear  out  faster  than  they  hitherto  have  done. 
We  may,  perhaps,  reduce  the  pressure  by  increasing  the  diameter  of 
car-wheels,  but  my  own  judgment  is  that  we  should  endeavor  to 
limit  the  weight  on  locomotive-drivers  of  5  feet  diameter  to  12,000 
pounds,  and  on  33-inch  car-wheels  to  about  7000  pounds,  so  as  not 
to  bring  crushing  strains  upon  our  rails  and  wheels. 

I  notice  that  Mr.  Sandberg  is  disposed  to  think  that  our  adoption 
of  30  feet  as  a  normal  rail  length  is  an  extreme  limit.  I  believe, 
however,  that  our  mills  have  found  no  difficulty  in  working  up  to 
this,  and  that  we  get  only  about  3  per  cent,  of  shorter  rails,  under 
the  provision  that  not  more  than  10  per  cent,  may  be  delivered 
under  30  feet,  down  to  25  feet.  The  difficulties  which  he  mentions, 
as  connected  with  ocean  transportation  of  30-foot  rails,  need  not 
concern  us  much  at  the  present  time.  I  believe  that  the  iron 
rail  mills  of  this  country  have  the  capacity  for  turning  out  about 
1,000,000  of  tons  a  year,  if  so  many  tons  of  iron  rails  were  called 
for,  and  that,  the  steel  mills  have  a  present  capacity  of  about 
1,500,000  tons,  and  a  prospective  capacity,  by  the  end  of  this 
year,  of  some  1,750,000  tons  of  steel  rails  per  annum.  Now  this 
would  furnish  us  enough  rails,  if  fully  employed,  to  lay  or  to 
relay  25,000  to  27,000  miles  of  track  a  year.  We  now  have  93,000 
miles  of  railway,  of  which  about  60,000  miles  are  ten  years  old 
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and  over.  Allowing  for  the  postponement  of  renewals  in  past  years, 
double  tracks,  etc.,  I  estimate  that  these  railways  will  require 
some  800,000  to  900,000  tons  of  rails  per  annum  for  the  next  four 
or  five  years,  to  relay  their  tracks.  We  are  also  building  some  7000 
miles  of  new  railway  a  year,  a  rate  of  progress,  however,  which  I 
believe  we  cannot  maintain  without  great  risk  of  running  into  un- 
profitable investments,  and  bringing  about  a  fresh  collapse;  but 
even  if  we  do  build  7000  miles  a  year,  the  aggregate  demands  for 
rails  in  the  United  States  would  not  exceed  1,500,000  or  1,600,000 
tons  a  year,  or  a  little  less  than  the  estimated  capacity  of  the  steel 
works  alone  for  1882. 

We  are  not  likely,  therefore,  to  import  many  rails  from  Europe, 
except  occasionally  on  an  emergency,  and  as  a  reminder  to  our  manu- 
facturers that  there  are  other  railmakers  in  the  world  ;  but  if  we  do, 
let  us  not  ask  the  foreign  mills  to  grind  off  the  ends  of  the  rails,  to 
make  them  exactly  of  even  length,  a  foreign  practice  against  which 
Mr.  Sandberg  so  justly  warns  us.  Neither  shall  we  ask  them  to 
notch  steel  rails,  except  in  rare  instances,  as  most  of  our  roads  have 
now  adopted,  or  are  adopting,  angle  fish-plates,  to  which  the  notch- 
ing is  transferred,  thus  preventing  creeping  through  the  shearing 
resistance  of  the  bolts;  but  we  shall  undoubtedly  require  them  to 
drill  all  holes  for  the  latter,  and  we  find  that  a  round  hole,  one  inch 
in  diameter,  with  a  }  inch  bolt,  allows  sufficient  play  to  provide  for 
contraction  and  expansion. 

I  made  some  experiments  upon  rail  joints  some  years  ago,  which 
indicated  rather  better  results  than  those  given  in  Mr.  Sandberg's 
Table  No.  I,  Appendix,  II.  I  found  that  the  Erie  standard  steel 
rail,  of  63  pounds  weight  per  yard,  upon  solid  bearings  two  feet 
apart  in  the  clear,  required  the  application  of  a  weight  of  60  tons 
on  the  head  in  the  centre  between  the  bearings  to  break  it;  that  the 
old  joint,  composed  of  two  flat  plates,  broke  with  20  tons  similarly 
applied;  that  the  composite  joint,  consisting  of  one  flat  plate  and 
one  angle  plate,  broke  with  a  weight  of  25  tons,  whik  the  Erie 
standard  joint,  of  two  angle-plates  24  inches  long,  required  34  tons 
to  break  it.  The  flat-plate  fishing  was,  therefore,  33  per  cent.,  the 
composite  joint  41  per  cent.,  and  the  standard  angle-joint  57  per  cent., 
as  strong  as  the  solid  rail,  and  the  angle-plate  fish  showed  such  marked 
superiority,  that  our  adoption  of  it  was  fully  confirmed. 

But  we  are  especially  obliged  to  Mr.  Sandberg,  for  the  details  and 
blank  forms  which  he  gives  us  of  his  method  of  inspection.  I  wish 
particularly  to  call  your  attention   to  the  blank  for   the  inspection 
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book,  Appendix  IV,  and  to  the  form  for  reports,  Appendix  V.  I 
think  it  would  be  well  for  us  to  adopt  them  for  the  use  of  our  own 
inspectors  in  this  country. 

I  do  not,  however,  quite  understand  that  clause  in  his  specification 
for  steel  rails  (page  30),  which,  under  the  head  of  "  Tests,''  provides 
that:  "2d,  The  rails  must  carry,  in  the  same  position,  a  load  of  — 
tons  without  breaking;  after  this  the  flange  of  the  rail  will  be  cut, 
and  the  rail  broken.  The  fracture  must  show  perfect  welding, 
especially  in  the  head."  I  thought  it  was  a  peculiarity  of  steel 
rails,  that  they  were  made  from  a  single  piece  or  ingot,  and  I  am 
puzzled  to  imagine  how  the  foreign  makers  contrive  to  get  welds 
into  them. 

You  will  notice  that  nearly  all  my  remarks  refer  to  steel  rails.  I 
ought  to  have  said  so  before,  but  the  fact  is,  that  when  w^e  now  talk 
or  think  of  rails,  it  is  almost  always  of  steel  rails,  for  the  days  of 
iron  rails  are  numbered.  Already  we  see,  when  we  examine  one  of 
these  diagrams  of  prices  of  iron  and  steel  rails,  which  look  so  much 
like  the  profile  of  a  railway  preliminary  survey  through  a  moun- 
tainous country,  that  the  iron  rails  average  only  $5  or  at  most  $10 
a  ton  cheaper  than  steel  rails;  and  the  time  cannot  be  far  distant 
when  steel  rails  will  be  produced  as  cheaply  as  iron.  Indeed,  I  do 
not  believe  that  any  of  our  roads  are  now  so  poor  as  to  be  able  to 
afford  to  buy  iron  rails,  except,  as  I  said  before,  upon  an  emer- 
gency. 

The  thanks  and  support  of  all  railway  men  are  therefore  due  to 
Dr.  Dudley  for  his  resolute  attempt  to  ascertain  the  best  composition 
and  characteristics  for  steel  rails.  He  may  not  as  yet  have  gath- 
ered all  the  necessary  data ;  his  present  conclusions  may  have  to  be 
corrected  with  reference  to  further  facts ;  but  1  know  that  he  is  ren- 
dering valuable  service,  and  I  believe  that  he  is  on  the  right  track. 

I  quite  agree  with  the  remark  made  by  Mr.  William  Sellers,  that 
the  consumer  should  not  undertake  to  prescribe  to  the  manufacturer 
how  he  is  to  make  his  rails,  nor  what  materials  he  is  to  employ,  but 
should  leave  him  free  to  select  the  surest  and  cheapest  way  of  making 
a  good  article.  The  consumer  is  interested  in  the  results  only;  but 
as  the  desired  result  in  this  case  is  that  the  rail  shall  wear  as  longr  as 
possible,  and  as  steel  rails  wear  out  so  slowly  that  we  cannot  know 
for  many  years  which  make  of  them  is  going  to  give  the  very  best 
satisfaction;  and  while  the  economical  results  are  so  important,  I 
believe  that  it  is  our  duty  to  endeavor  to  ascertain  the  characteristics 
of  the  best  rails,  to  assist  the  manufacturer  to  repeat  his  successes, 


\ 


DISCUSSION   ON   STEEL    RAILS.  583 

and  to  avoid  his  failures,  by  giving  him  whatever  data  we  can  gather 
as  to  the  rails  in  our  tracks. 

Tliis,  as  I  understand,  is  what  Dr.  Dudley  has  undertaken  to  do, 
by  ascertaining  the  chemical  composition  and  physical  characteristics 
of  the  rails  which  have  best  or  worst  worn  on  the  Pennsylvania 
Railroad.  While  I  will  presently  mention  some  considerations 
why  his  experiments  may  need  to  be  revised,  I  yet  recognize  that 
he  has  done  and  is  doing  a  great  public  service. 

I  must  say,  however,  that  the  chemical  composition  which  he 
recommends,  does  not  strike  riie  as  a  particularly  soft  steel.  From 
the  criticism  which  he  has  received  here,  I  doubt  whether  Dr. 
Dudley  himself  now  thinks  that  he  has  as  soft  a  thing  as  he  at  first 
imagined.  He  advises  that  the  phosphorus  should  not  exceed  0.10 
of  one  per  cent.,  the  silicon  not  above  0.04,  and  that  the  carbon 
should  aim  at  0.30,  and  the  manganese  at  0.35  of  one  per  cent. 

Now  the  Erie  specification  of  1876,  adopted  after  consultation 
with  Mr.  HoUey,  reads  :  "  Not  less  than  y^o^ths  nor  more  than 
y'^Q^^ths  of  1  per  cent,  of  carbon  ;  not  more  than  yVV^^^''  ^^  ^  percent, 
of  phosphorus,  and  not  more  than  yV^'o^^^'^  ^f  1  per  cent,  of  phos- 
phorus and  silicon  taken  together.  It  may  contain  manganese,  but 
shall  be  substantially  free  from  other  impurities.'^ 

In  view  of  the  fact  that  this  was  the  state  of  the  art  about  the  time 
Dr.  Dudley  began  his  labors,  and  that  really  soft  steel,  that  which 
we  use  for  our  boiler  plates,  only  contains  0.08  to  0.15  of  one  per  cent, 
of  carbon,  the  term  of  "soft  steel,''  which  is  much  dwelt  upon  by 
the  author,  is  rather  a  misnomer.  What  he  is  engaged  upon  is  the 
ascertaining  what  are  the  exact  chemical  compositions  which  give 
absolutely  the  best  rails,  and  how  these  shall  be  distinguished  by 
physical  tests.  To  accomplish  this  satisfactorily,  he  will  have  to 
gather  a  good  many  more  data. 

I  think  exception  may  be  taken  to  the  method  by  which  Dr. 
Dudley  has  undertaken  to  ascertain  the  loss  of  weight  sustained  by 
each  rail.  Having  taken  up  the  whole  rail,  presumably  about  30 
feet  long,  he  has  cut  out  a  slice  from  it,  somewhere,  |  an  inch  thick, 
and  from  this  slice  he  has,  by  weighing  and  measuring,  ascertained 
the  loss  of  weight.  Any  one  who  will  caliper  a  worn  rail  throughout 
its  whole  length,  and  thus  ascertain  how  much  greater  is  the  wear 
in  some  spots  than  in  others  (differing  j^^  of  an  inch  in  sections  2 
inches  apart  in  many  cases),  will  have  serious  doubts  whether  Dr. 
Dudley  has  in  each  case  hit  upon  the  particular  half  inch  which  is 
a  fair  representation  of  that  wear. 
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It  seems  also  difficult  to  accept  the  inference  to  which  this  method 
of  procedure  leads  him,  when  he  says  that  "  rails  rolled  at  the  same 
mill,  at  the  same  time,  and  with  the  same  thickness  of  web,  and 
same  shape  of  foot,  differed  from  each  other  in  the  original  weight 
{as  computed),  from  1|  to  3  pounds  per  yard.''  Such  is  not  our  ex- 
perience with  Erie  rails.  We  find  that  when  the  rolls  are  freshly 
turned  up,  the  rails  run  about  62|-  pounds  per  yard,  and  that  this 
weight  is  gradually  increased  as  the  rolls  wear,  to  about  63 J  pounds 
per  yard  ;  each  invoice  of  say  1000  tons  (the  shipments  are  gener- 
ally of  about  this  amount),  averaging  as  near  as  may  be  the  63 
pounds  per  yard  represented  by  the  standard  template.  Here,  there- 
fore, we  have  a  variation  of  only  J  pound  per  yard,  which  is  the 
limit  assigned  by  our  specification,  and  as  I  said  before,  it  seems 
hard  to  believe  that  on  the  Pennsylvania  Railroad,  it  could  have 
been  so  much  as  1 J  to  3  pounds  per  yard. 

I  scarcely  need  to  point  out  that  if  errors  have  thus  crept  into 
Dr.  Dudley's  estimates  of  the  loss  of  weight  sustained  by  each  rail, 
his  reasoning  and  conclusions  will  be  affected  throughout.  I  recog- 
nize the  difficulty  of  getting  at  the  wear  of  a  rail  the  exact  original 
weight  of  which  is  not  known,  but  I  believe  Dr.  Dudley  will  yet 
find  better  methods  than  that  of  computing  it  from  a  half-inch  slice. 
Perhaps  more  satisfactory  results  may  be  reached  by  a  careful  cali- 
pering  of  the  stem,  head,  and  foot  of  the  rail,  and  ascertaining 
its  density,  from  which  to  deduce  its  original  weight,  deducting 
therefrom,  to  ascertain  the  wear,  the  actual  weight  of  the  worn 
rail.  In  fact,  as  he  finally  resorted  to  the  method  of  averages.  Dr. 
Dudley  would  have  reached  nearly  the  same  result  by  assuming 
that  the  rails  originally  averaged  of  standard  weight,  and  weighing 
together  each  group  of  eight  rails,  upon  which  he  bases  his  deduc- 
tions of  wear. 

I  may  also  say  a  word  as  to  the  comparisons  of  wear  upon  the 
upper  and  lower  sides  of  curves.  These  would  have  been  more  satis- 
factory if  we  had  been  told  the  differences,  if  any,  which  exist  be- 
tween the  elevation  of  the  outer  rail  on  these  various  curves;  also,  the 
speeds  at  which  trains  generally  run  over  them.  The  elevation  of 
the  outer  rail  being  intended  to  overcome  the  centrifugal  force,  and 
this,  of  course,  varying  with  the  speed  of  the  train,  it  is  quite  practi- 
cable for  the  track  foreman  to  throw  the  wear  upon  the  inner  or  the 
outer  rail,  by  changing  the  elevation,  or,  in  a  less  degree,  for  the 
locomotive  engineer  to  do  the  same  thing,  by  running  faster  or 
slower  than  the  speed  for  which  the  curve  is  elevated.    I  hope,  how- 


I 


DISCUSSION   ON   STEEL   RAILS.  585 

ever,  that  Dr.  Dudley  will  check  over  and  continue  his  investiga- 
tion. It  is  not  improbable  that  the  result  will  be  still  further  to 
confirm  his  theory. 

The  railroad  men  of  the  whole  country,  who  are  specially  inter- 
ested in  reaching  sound  conclusions  on  this  subject,  can  materially 
assist  in  gathering  additional  data,  by  taking  care  to  preserve  rails 
which  have  worn  exceptionally  well  or  ill  in  their  tracks,  and  send- 
ing them,  with  a  statement  of  the  particulars  of  each  case,  either 
to  Dr.  Dudley,  if  he  will  consent  to  test  them,  or  to  some  of  the 
Bessemer  works  from  which  they  obtain  their  steel.  All  of  these 
have  competent  chemists ;  they  are  vitally  interested  in  maintain- 
ing a  reputation  for  making  good  steel  rails,  and  they  would  doubt- 
less be  glad  to  make  arrangements  to  analyze  and  test  any  specimen 
rail  which  might  be  sent  to  them,  in  order  to  ascertain  the  causes  of 
its  excellence  or  deficiencies. 

In  listening  to  Dr.  Holley's  paper  upon  Rail  Sections,  I  was 
reminded  of  De  Quincey's  ideal  murderer,  who,  beginning  with  a 
murder  which  he  thought  little  of  at  the  time,  had  gradually 
fallen  to  robbing,  drinking,  and  Sabbath-breaking,  and  so  on, 
down  to  incivility  and  procrastination.  For  having  adopted 
some  years  ago  a  rail  pattern  which  I  have  never  recommended 
to  other  roads,  nor  claimed  credit  for,  I  now  unexpectedly  find 
from  Dr.  Holley's  paper  that  62  per  cent,  of  modern  rail  sec- 
tions are  fashioned  after  that  pattern,  that  the  considerations  which 
guided  me  are  thought  worth  enumerating,  and  that  it  furnishes  a 
good  text  from  which  to  preach  a  sermon  to  railroad  men.  I  hope, 
however,  to  satisfy  you  that  I  am  not  entitled  to  as  much  notice  as 
Dr.  Hoi  ley  has  been  pleased  to  give  me. 

As  Mr.  Welch  has  told  you,  we  were  both  in  1874  members  of 
a  committee  of  the  American  Society  of  Civil  Engineers  to  investi- 
gate the  best  form  of  rail  sections.  He  then  called  my  attention  to 
the  success  of  the  thin  flange  and  stem  of  his  pattern  of  1866,  and  I 
adopted  them  for  the  Erie  Railway,  which  was  then  much  in  need 
of  a  standard  steel-rail  section.  The  bevelled  head  was  furnished, 
ready  made,  by  the  sections  of  old  rails  w^ich  I  examined,  and  was 
confirmed  by  the  templates  of  worn  wheels,  twenty  or  thirty  in 
number,  which  I  obtained  from  locomotives  and  cars.  I  simply 
gathered  the  data,  and  was  guided  by  them,  as  any  one  would  have 
been  in  my  place,  and  as  in  fact  others  had  been,  for  I  am  informed 
that  Mr.  Sayre,of  the  Lehigh  Valley  Railroad,  and  Mr.  Fritz,  of  the 
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Bethlehem  Iron  Works,  had  designed  and  rolled  a  sin^ilar  rail,  as 
early  as  1870. 

The  Erie  rail  was  originally  designed  to  weigh  sixty  pounds  per 
yard,  this  being  the  limit  at  that  time  imposed  by  the  managers  of 
the  road.  It  took  some  months  to  get  the  pattern  accepted,  some  of 
the  rolling-mill  managers  declaring  that  it  could  not  be  rolled  with- 
out producing  a  large  percentage  of  imperfect  rails.  Mr.  L.  S.  Bent, 
however,  the  superintendent  of  the  Pennsylvania  Steel  Company's 
Works,  thought  differently  and  determined  to  try  it.  He  found  that 
the  percentage  of  imperfect  rails  was  actually  less  than  with  other 
patterns  then  in  use,  and  he  designed  and  introduced  a  number  of  steel 
rail  sections  on  the  same  principle,  which  have  become  standards. 

Some  three  or  four  thousand  tons  were  rolled  and  laid  of  the  orig- 
inal Erie  sixty-pound  pattern,  and  they  have  stood  very  well,  but 
Dr.  Holley  having  suggested  that  the  thinness  of  the  foot,  in  pro- 
portion to  the  head,  might  cause  dangerous  internal  strains  in  cooling, 
and  thus  make  the  rail  brittle  and  dangerous,  a  thickness  of  one- 
sixteenth  of  an  inch  was  added  to  the  foot,  increasing  the  weight  to 
sixty-three  pounds  per  yard,  and  this  has  been  the  Erie  standard 
section  ever  since.  As  I  soid  before,  in  my  opinion  the  Pennsylva- 
nia Railroad  section  of  sixty-seven  pounds  per  yard  is  better,  as 
likely  to  wear  about  50  per  cent,  longer. 

Up  to  a  certain  point,  there  is  an  advantage  in  diversity  of  rail- 
road practice.  So  long  as  the  best  device  for  a  particular  purpose 
is  not  ascertained,  there  is  a  necessity  for  experimenting,  with  the 
resulting  variety  of  design.  When,  however,  the  best  pattern  is 
approximately  agreed  upon,  the  effort  should  be  towards  uniformity. 
This  point  seems  now  to  have  been  reached  about  steel  rail  sections, 
although  I  had  no  idea  this  was  the  fact,  and  I  hope  the  railroads 
will  take  advantage  of  the  economy  which  Dr.  Holley  has  shown  us 
to  result  from  the  adoption  of  uniform  standards. 

He  has  called  our  attention  to  the  importance  of  uniformity  in 
fishing,  and  especially  in  spacing  the  bolt-holes,  but  he  has  not  told 
us  which  he  considers  the  best  practice.  I  venture  to  present  a 
drawing  of  the  Erie  standard  joint.  (See  accompanying  plate.) 
There  is  nothing  novel  about  it,  but  the  points  which  we  think 
meritorious,  are  the  following  : 

1st.  The  holes  in  the  rails  are  placed  as  far  from  the  end  as  we 
deem  practicable.  The  centre  of  the  first  hole  is  pitched  an  even 
4  inches  from  the  end  of  the  rail,  and  the  second  hole  is  6  inches 
beyond  this,  or  10  inches  from  the  end. 


Transactions  of  the  Ainerlojiii  Instltut*  of  MiuinK  Engineers.    Vol.  IX. 


STANDARD  RAIL  JOINT,- 


C'hanute. 


I L- 


-X 


}ARD  RAIL  JOINT,  -  N.V.L.E.AW.R.R.        ,         FULL  SIZE 


-i-f— s'=- 


-4  m.- 


^1-5/.- 


DISCUSSION   ON   STEEL    KAILS.  587 

2d.  These  holes  are  drilled  in  all  cases,  are  1  inch  in  diameter,  and 
as  near  the  neutral  axis  of  the  rail  as  we  can  get. 

3d.  The  fishing  is  done  with  angle  plates,  which  we  find  about  70 
per  cent,  stronger  than  flat  plates.  The  notching,  which  is  in  the 
fish-plate  and  not  in  the  rail,  is  spaced  3J  inches  from  one  end,  and 
5  inches  from  the  other,  so  that  when  the  plate,  which  is  reversible, 
is  applied  to  both  sides  of  the  rail,  the  notches  are  staggered  suffi- 
ciently to  avoid  splitting  the  tie  with  the  spikes. 

4th.  The  allowance  for  expansion  is  made  in  the  fish-plate,  the  two 
centre  holes  being  spaced  83^^  inches  apart.  As  the  next  holes  are, 
of  course,  6  inches  beyond  the  centre  holes,  and  the  plate  is  designed 
to  be  24  inches  long,  it  will  be  noticed  that  if  the  man  at  the  shears 
cuts  it  off  of  the  right  length,  and  the  man  at  the  punch  centres  it 
exactly,  the  distance  from  the  centre  of  the  end  holes  to  the  end  of 
the  plate  will  be  precisely  1|^^  inches.  I  hope  that  Dr.  Holley,  who 
says  he  was  appalled  at  the  thought  that  the  mind  of  man  can  hit 
perfection  in  spacing  fish-plate  holes  within  the  64th  of  an  inch,  will 
see  from  this  brief  exposition  of  tlie  process,  that  it  is  more  easy  to 
accomplish  than  he  supposed- 

5th.  The  holes  in  the  fish-plate  are  made  oval  to  allow  for  expan- 
sion and  contraction.  The  bolt,  which  is  f  of  an  inch  in  diameter, 
is  upset  under  the  head  to  fill  this  oval  hole,  and  thus  prevent  turning. 
It  is  provided  with  a  hexagonal  nut,  under  which  we  generally  place 
a  thin  washer  of  wrought  iron.  We  have  very  little  trouble  from 
nuts  getting  loose,  so  little  indeed,  that  while  we  have  experimented 
with  a  number  of  lock-nuts,  we  have  not  deemed  it  necessary  to 
adopt  any  of  them. 

But  I  fear  I  am  becoming  wearisome  by  my  discussion  of  these 
details,  which  would  be  more  appropriate  before  a  special  committee 
on  this  subject,  such  as  that  appointed  in  1874,  by  the  Society  of 
Civil  Engineers.  The  main  point  before  you,  is  that  so  well  made 
by  Dr.  Holley,  of  the  importance  and  economy  of  uniformity  in  rail 
sections  and  fastenings.  Of  that  we  have  had  some  experience. 
We  had  on  the  Erie  railway,  when  the  new  steel  section  was  adopted, 
12  patterns  of  steel  rails,  29  patterns  of  iron  rails,  and  96  different 
styles  of  fastenings.  These  caused  no  end  of  annoyance,  delays,  and 
expense,  in  matching  or  mismatching  them,  taking  up  and  changing 
about  long  strings  of  rails,  and  in  the  large  stocks  which  it  was 
necessary  to  keep  for  repairs.  This  has  all  been  done  away  with,  by 
Uj  the  adoption  of  a  single  pattern  of  rail  and  of  fastening,  and  the  re- 
I     suiting  economy  fully  confirms  all  that  Dr.  Holley  has  said.     He 
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has  shown  us  that  the  railroads  of  this  country  can  save  several  mil- 
lions a  year  by  adopting  uniform  rail  sections,  and  as  unfortunately 
for  him,  he  cannot  patent  his  idea,  it  only  remains  for  the  railroads 
to  adopt  it,  and  to  thank  him  for  his  paper. 

Dr.  C.  B.  Dudley,  Altoona,  Pa,  :  In  rising  to  close  this  inter- 
esting discussion,  I  want,  in  the  first  place,  to  thank  every  one  who 
has  contributed  to  it  for  his  full  and  open  criticism.  The  work 
which  has  been  done  on  steel  rails,  and  which  has  been  discussed 
here  during  these  two  days,  was  not  done  to  establish  any  pet  theo- 
ries, nor  to  make  out  that  any  person  was  great  or  any  person  small, 
but  vvith  a  sincere  desire  to  get  at  what  is  the  truth  in  regard  to  the 
wearing  capacity  of  steel  rails.  There  are  enormous  commercial 
considerations  involved  in  this  question,  and,  as  I  look  at  the  matter, 
the  more  honest  criticism  and  fiir  discussion  there  is,  the  more  likely 
it  is  that  the  truth  will  appear. 

And  first  I  would  like  to  say  that  it  seems  to  me  very  little  has 
been  said  here  upon  the  main  conclusion  of  the  paper,  namely,  that 
the  softer  rails  give  the  better  wear.  All  sorts  of  side  issues  have 
been  discussed;  but  this  point,  which  is  really  the  principal  one  at 
issue,  has  been  largely  ignored,  and  I  cannot  but  feel  that  it  still 
remains  unshaken. 

With  regard  to  chemists  and  chemical  work,  there  has  been  con- 
siderable said  tending  to  throw  discredit  on  chemists  and  their  work  ; 
and  while  I  believe  that  there  have  been  in  the  past,  are  now,  and 
may  be  in  the  future,  a  good  many  poor  chemical  analyses  made,  I 
also  believe  that  chemists  are,  as  a  rule,  as  honest  and  competent  as 
gentlemen  who  belong  to  other  professions.  There  are  chemists  who 
are  chemists,  and  chemists  who  are  not  chemists. 

The  determination  of  manganese  has  been  called  in  question. 
Now  I  think  the  chemist  at  almost  every  steel  works  in  the  country 
will  tell  you  that,  in  his  experience,  the  manganese  differs  in  different 
parts  of  the  same  ingot.  Mr.  T.  T.  Morrell,  chemist  of  the  Cambria 
Iron  Company,  whom  I  believe  to  be  a  thoroughly  competent  and 
honest  chemist,  tells  me  that  he  has  often  found  different  amounts  of 
manganese  in  different  parts  of  the  same  ingot.  Come  with  me  to 
Altoona,  and  I  will  take  you  into  the  machine  shop  where  steel  is 
being  cut  and  shaped,  and  I  will  show  you  that  it  is  often  necessary 
to  stop  the  lathe  or  planer  and  take  a  cold  chisel  to  cut  out  a  hard  spot, 
or  else  run  the  risk  of  breaking  the  tool.  This  hard  spot  is  simply 
a  part  of  the  spiegel  which  was  not  thoroughly  mixed  with  the  mass 
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when  the  steel  was  made.  In  the  rapid  methods  by  which  steel  is  at 
present  manufactured,  time  enough  is  not  allowed  for  the  spieo^el  to 
become  uniformly  mixed.  What  wonder,  then,  that  chemists  find 
different  amounts  of  manganese  in  what  is  supposed  to  be,  but  is  not, 
the  same  steel.  Indeed  I  believe  it  is  possible  for  the  borings  from 
one  bore  hole  in  the  same  ingot  to  be  given  to  two  chemists  and  to 
have  them  find  different  amounts  of  manganese,  and  yet  both  analyses 
be  correct.  And  so,  I  say  to  the  steel-makers:  *'  Make  uniform  steel, 
and  we,  as  chemists,  will  tell  you  what  there  is  in  it." 

With  regard  to  the  determinations  of  manganese  in  the  series  of 
rails  we  are  discussing,  I  would  say,  that  I  wish  Mr.  Wells  was  here, 
that  you  might  see  him  for  yourselves.  When  I  began  this  work, 
I  wrote  to  my  old  instructor  in  chemistry.  Professor  O.  D.  Allen,  of 
the  Sheffield  Scientific  School,  to  recommend  me  some  one  to  help 
me.  He  replied  that  if  Mr.  Wells  would  come  he  could  heartily 
recommend  him.  He  had  had  two  years'  experience  since  his  gradu- 
ation, and,  said  Professor  Allen,  "  I  regard  him  as  the  best  analytical 
chemist  that  has  graduated  under  me.'^  And  I  may  add  that  both 
Professor  Drown  and  myself  graduated  under  Professor  Allen. 

Still  further,  it  is  simply  impossible  that  any  errors,  either  in  the 
chemical  analyses  or  the  physical  tests,  should  have  had  any  influ- 
ence in  establishing  the  point  that  the  softer  steel  gives  the  better 
wear.  This  follows  from  the  way  in  which  the  work  was  done. 
First  the  physical  tests  were  made,  then  the  analyses,  then  the  ton- 
nage was  computed,  and  finally  the  loss  of  metal  was  determined. 
So  that  we  knew  nothing  about  a  rail  until  all  the  chemical  analyses 
and  physical  tests  were  made.  Furthermore,  some  of  the  rails  that 
were  selected  as  faster- wearing  rails,  when  we  came  to  get  the  rate  of 
wear,  were  found  to  be  slower-wearing  rails.  So  that  no  previous 
bias  of  mind,  or,  as  it  seems  to  me,  no  possible  errors  in  the  work 
could  influence  the  result. 

Again  with  regard  to  sulphur  and  cop})er,  it  is.  said  that  these  are 
of  vital  importance,  and  should  have  been  determined.  In  answer 
to  this  I  would  say :  Where  is  tiie  man  that  can  affirm,  and  back 
his  statement  by  any  analysis,  that  sulphur  and  copper  have  any 
influence  on  the  wearing  capacity  of  steel  ?  I  do  not  say  that  these 
elements  do  not  have  an  influence  on  wear,  but  when  this  investi- 
gation was  started  the  best  information  that  I  could  get  was  that 
sulphur  and  copper  are  of  vastly  more  importance  to  the  steel 
manufacturers  than  they  are  to  the  consumer.  And  so  I  say  tliat 
I  believe  the  sulphur  and  copper  are  of  importance  to  the  makers  of 
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steel,  but  of  not  so  much  importance  to  one  studying  its  wearing 
capacity.  If  you  want  to  know  the  sulphur  and  copper  in  these  rails 
you  may  determine  them. 

Probably  no  one  has  thought  over  the  question  why  some  of  the 
rails  in  this  series  seem  to  be  exceptions  to  the  general  law  more  than 
I  have.  This  suggestion  in  regard  to  sulphur  and  copper,  and  other 
nndetermined  substances,  and  especially,  in  my  judgment,  oxide  of 
iron,  furnishes  a  possible  solution  of  the  problem.  If  we  knew  every 
foreign  substance  which  these  rails  contain,  I  doubt  not  but  that 
some  of  the  anomalies  would  be  explained.  And  I  would  here  like 
to  ask  chemists  who  have  time  to  devote  to  such  studies,  to  give  us 
a  method  for  determining  oxide  of  iron  in  steel. 

Another  point  made  was  the  influence  of  heavier  locomotives  and 
cars  on  the  wear  of  rails.  If  I  understand  this  criticism  it  is  this: 
Your  slower-wearing  rails  had  lighter  wheel  tonnage  for  at  least  a 
portion  of  their  life — the  earlier  portion — while  your  faster-wearing 
rails  have  had  almost  altogether  heavier  wheel  tonnage.  In  reply, 
I  say  the  slower-wearing  rails  had  during  the  latter  part  of  their  life 
the  same  heavier  wheel  tonnage  that  the  faster-wearing  had.  All 
the  rails  were  taken  out  of  the  track  at  the  same  time,  and,  conse- 
quently, so  far  as  I  can  see,  the  comparison  of  the  wearing  capacity 
of  steel  with  its  quality  is  strictly  a  fair  one. 

Again,  in  the  course  of  this  discussion — not  a  few  times — the  excep- 
tional cases,  the  cases  where  individual  rails  did  not  conform  to  the 
general  law,  have  been  taken  out  and  held  up  prominently  before  us, 
as  though  these  individual  and  exceptional  cases  were  the  only  thing 
we  should  consider.  Now,  I  submit  to  you  that  this  is  simply  trying 
to  overthrow  a  law  by  the  exceptions  to  it,  or,  in  other  words,  to 
nullify  the  teachings  of  a  large  number  of  samples  by  the  teachings 
of  a  few  exceptional  cases,  and  I  submit  still  further  that  this  method 
of  proceeding  is  neither  good  logic,  nor  fair,  sound  deduction. 

I  must  not  omit  to  comment  on  the  remarks  of  those  speakers 
who  have  refuted  conclusions  which  I  did  not  advance,  and  have 
then  considered  my  position,  namely,  that  the  softer  rails  give  the 
better  wear,  as  completely  demolished.  A  notable  case  of  this  kind 
is  Mr.  Kent,  who  because  he  does  not  find  that  there  is  a  direct  rela- 
tion between  the  loss  of  metal  and  the  carbon,  phosphorus,  silicon, 
or  manganese,  or  phosphorus  units  in  this  series  of  rails,  affirms 
that  I  have  not  solved  the  whole  problem  of  wear,  and,  ergOy  the 
softer  rails  do  not  give  the'  better  wear.  I  beg  to  remind  him  that 
I  have  never  said  that  I  had  solved  the  problem  of  wear.     I  ex- 
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pressly  say  I  have  not  solved  it,  but  I  do  not  see  how  that  affects 
the  main  question ;  nor  do  I  see,  because  there  is  no  direct  relation 
between  carbon  and  loss  of  metal,  that  it  is  impossible  for  me  to 
take  a  series  of  rails  which  have  been  in  service  and  find  by  a  study 
of  them  what  chemical  composition  and  what  physical  properties  are, 
in  general,  characteristic  of  those  rails  which  have  given  the  best 
service.  This  I  claim  to  have  done,  and  the  conclusion  seems  to 
me  so  plain  that  he  who  runs  may  read,  namely,  that  the  softer 
rails  give  the  better  wear. 

With  regard  to  Mr.  Metcalf  and  his  attributing  all  the  troubles 
of  steel  to  nitrogen,  I  think  it  may  fairly  be  said,  first,  that  Mr. 
Metcalf  brings  no  proof  to  show  that  nitrogen  is  the  bane  of  steel ; 
and  second,  if  it  is,  the  natural  conclusion  would  be  that  no  steel 
could  be  made  except  by  the  crucible  process,  which  would  undoubt- 
edly be  a  satisfactory  conclusion  for  crucible  steelmakers,  like  Mr. 
Metcalf,  but  would  hardly  satisfy  the  stockholders  of  the  Bessemer 
works,  or  stop  their  making  steel  with  nitrogen  in  it  in  the  future. 
With  regard  to  another  criticism  of  Mr.  MetcalPs,  that  the  question 
of  flow  had  not  been  considered,  I  would  say  that  I  think  there  is 
very  little  evidence  of  flow  in  this  series  of  rails  anyway.  And  so 
I  asked  Mr.  Metcalf  how  the  flow  influenced  the  loss  of  metal  by 
wear.  He  replied  that  flow  squeezes  the  metal  toward  the  flange 
and  then  the  flange  rubs  it  off.  To  this  I  made  reply,  that  the  flow, 
whatever  there  is  of  it,  must  be  away  from  the  forces  which  produce 
it.  Now,  both  the  pressure  of  the  flange  against  the  rail  and  the 
coning  of  the  wheels  would  cause  the  metal  to  flow  away  from  the 
flanges  instead  of  toward  them,  and  consequently  I  do  not  see  how 
you  are  going  to  get  metal  there  for  the  flange  to  rub  ofl*.  The  flow 
must  be  in  the  other  direction,  or  away  from  the  flanges.  Although 
a  few  of  the  rails  in  this  series  give  evidence  of  having  a  little  metal 
pushed  off  out  of  place  by  reason  of  flow,  yet  the  metal  is  tl^ere.  It 
is  not  worn  oif,  and  the  question  we  are  studying  is  loss  of  metal  by 
wear. 

One  or  two  points  further,  and  I  am  done.  It  has  been  said, 
"You  have  not  exhausted  the  question  yet.  More  study  must  be 
put  upon  it.''  No  one  is  more  conscious  of  the  truth  of  these  state- 
ments than  I.  I  do  not  pretend  to  have  exhausted  the  question.  I 
wish  there  were  fifty  workers  in  this  field.  But  I  believe  that  the 
results  that  we  are  discussing  are  the  best  information  that  we  now 
have  upon  the  question  of  the  relation  between  the  wearing  capa- 
city of  steel  and  its  chemistry  and  physics.    I  would  not  at  all  aflirm 
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that  this  will  be  the  best  information  on  the  subject  five  years  from 
now.  But  I  think  that  man  does  his  life-work  best  who  lives  up  to 
all  the  liglit  that  he  has  in  his  own  time.  And  so  I  ask  you  to 
utilize  this  work,  to  act  upon  it,  and  guide  your  practice  by  it  until 
something  better  is  obtained. 

Finally,  I  have  been  accused  of  trying  to  teach  the  steelmakers  how 
to  make  steel,  and  it  is  to  be  supposed  that  they  know  already  much 
more  about  that  point  than  I  do.  Now,  if  anyone  thinks  that  such  has 
been  my  aim,  or  has  ever  been  in  my  thoughts,  he  has  certainly  mis- 
understood me.  What  I  am  striving  for  is  to  tell  the  steelmakers 
what  we  want,  not  how  to  supply  this  want.  This  whole  question  of 
the  fitness  of  material  for  the  purposes  for  which  it  is  intended  is  in 
its  infancy.  We  are  doing  something  toward  studying  it  at  Altoona. 
The  principle  which  governs  us  there  is  that  the  kind  of  service  that 
is  to  be  required  of  the  metal  must  determine  what  kind  of  metal 
shall  be  used.  Because  softer  steel  gives  better  rails,  we  do  not 
think  softer  steel  will  give  better  crank-pins.  In  crank-pins  we 
require  stiffness,  which  comes  with  harder  steel.  But  in  rails,  in  tires, 
in  bridge  rods,  and  in  boiler  plate  we  are,  so  far  as  our  knowledge 
now  goes,  inclined  toward  soft  steel.  And  all  the  information  which 
we  have  thus  far  been  able  to  accumulate  in  regard  to  these  kinds  of 
service  confirms  our  position  and  justifies  our  conclusion. 

And  now,  how  can  the  best  results  be  obtained  in  trying  to  decide 
upon  the  qualtity  of  material  best  fitted  for  any  kind  of  service?  I 
do  not  see  that  the  steelmakers  can  study  this  question  alone,  for 
after  the  steel  leaves  their  hands  they  know  very  little  of  its  beha- 
vior. It  does  not  come  under  their  personal  observation  and  study. 
It  seems  to  me,  therefore,  that  the  question  can  only  be  studied  by 
both  the  consumer  and  the  producer  working  together.  I  cannot 
but  regard  that  the  interests  of  the  consumer  and  the  producer  in 
this  matter  are  one,  that  neither  can  solve  the  question  alone,  and 
so  I  ask  you  to  work  with,  rather  than  oppose  me,  to  utilize  the 
information  that  is  gained,  so  far  as  it  is  gained,  and  to  constantly 
hold  in  mind  the  necessary  dependence  of  both  producer  and  con- 
sumer upon  each  other. 
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C.  p.  Sandberg,  London,  Eng.  if  I  think  we  should  all  be  grate- 
ful to  the  Pennsylvania  Railroad  Company,  and  to  their  chemist,  Dr. 
Dudley,  for  spending  so  much  time  and  money  in  order  to  solve  an  im- 
portant question  ;  nor  are  we  less  indebted  to  the  public  spirit  which 
leads  them  to  impart  the  experience  thus  gained.  In  Europe  nothing 
similar  has  hitherto  been  done,  either  by  a  company  or  by  any  pri- 
vate individual.  In  England  the  great  railway  companies  employ 
their  engineers  in  other  ways,  and  do  not  keep  a  chemist  or  specialist 
to  study  rails  ;  but  even  if  they  did  they  would  probably  not  publish 
the  results.  The  chief  professional  engineers  are  so  occupied  with 
their  private  practice  of  railroad  construction  generally,  that  they 
cannot  be  expected  to  devote  their  time  and  energies  to  so  special  a 
question.  The  German  Railway  Union  has,  in  my  opinion,  missed 
the  real  object  of  its  elaborate  researches  by  falling  into  the  error 
of  specifying  costly,  impracticable  tests  for  rails — tests  at  the  same 
time  which  do  not  infallibly  expose  the  impurities  that  may  be  in  the 
rails  under  examination.  There  has,  therefore,  been  nothing  done  on 
this  side  of  the  Atlantic  in  the  way  of  exhaustive  study  to  determine 
the  best  composition  for  steel  rails.  America  should  consequently 
have  full  credit  for  the  enlightened  example  which  she  has  snt. 

I  wish,  however,  to  make  a  few  remarks  on  Dr.  Dudley's  second 
paper, — a  paper  which  follows  very  much  upon  the  same  lines  of 
argument  as  the  first  read  three  years  ago,  upon  which  I  have  pre- 
viously touched  in  my  paper  on  the  same  subject  read  at  the  meeting 
in  August  last.  If  Dr.  Dudley  had  discovered  a  new  metal  he  could 
hardly,  I  think,  have  taken  more  pains  to  prove  that  he  was  correct 
in  his  first  formula  for  the  best  chemical  composition  of  steel  rails. 
But  I  have  seen  so  much  done  in  the  way  of  proof  by  experiment 
that  I  am  inclined  to  think  that  almost  anything  can  be  proved  by 
experiments  and  by  samples.  If  Dr.  Dudley  would  only  give  up 
his  formula,  which  would  not  suit  any  country — not  even  America — 

*  For  the  convenience  of  members  it  has  been  thought  best  to  insert  the  con- 
tinuution  of  this  discussion  at  the  Virginia  meeting  in  this  place,  rather  than  to 
delay  its  permanent  publication  until  the  issue  of  Volume  X,  Transactions^ 
where  it  would  properly  belong.  T.  M.  D.,  Sec'y. 

f  Sent  to  the  secretary  in  manuscript. 
VOL.  IX. — 38 
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to  work  by  the  ordinary  Bessemer  process,  and  would  content  him- 
self with  applying  such  chemical  tests  in  association  with  mechani- 
cal or  physical  tests,  as  are  practically  workable,  with  a  view  to 
arrive  at  something  better  in  rails  generally,  he  would,  I  think,  have 
done  his  company  and  society  at  large  even  better  service  than  he 
has  so  far  rendered.  As  it  is,  he  seems  to  have  the  American 
makers  arrayed  against  him,  nor  will  the  European  makers,  I  fear, 
sympathize  with  him  greatly.  No  one  can,  however,  deny  that  Dr. 
Dudley  has  carefully  worked  out  a  series  of  experiments,  .^paring 
no  pains  to  substantiate  his  views.  Still  it  by  no  means  follows 
that  his  conclusions  are  correct,  and,  as  has  often  happened  before, 
doctors  may  honestly  disagree  as  to  the  best  means  of  arriving  at  the 
truth. 

As  to  the  discussion  at  the  Philadelphia  meeting,  it  is  to  be  re- 
gretted that  it  chiefly  represents  one  side,  viz.,  the  makers;  for  the 
engineers  do  not  seem  to  have  been  well  represented  on  this  occa- 
sion. If  they  had  been  better  represented  the  general  conclusion 
would  no  doubt  have  been  different.  Some  of  them  would  probably 
have  agreed  with  Dr.  Dudley  in  many  respects  where  the  makers 
were  against  him  ;  for  instance,  they  would  have  held  that  copper 
and  sulphur  are  of  more  importance  to  the  producer,  and,  there- 
fore, the  consumer  can  safely  leave  them  out  of  the  question  without 
personal  detriment. 

But  for  blooms  it  will  be  necessary,  at  least  occasionally,  to  deter- 
mine the  sulphur  so  as  to  detect  red  shortness  which  might  otherwise 
cause  cracks  and  wasters  in  rolling  out  the  English  blooms  in 
America.  This  would  be  particularly  the  case  if  the  mills  used  for 
that  purpose  had  low  speed  so  as  to  prevent  the  steel  being  worked 
out  at  a  good  heat.  As  for  copper,  an  excess  is  more  rarely  the  case ; 
moreover,  a  larger  amount  may  be  tolerated  than  in  the  case  of 
sulphur,  so  that  this  determination  is  not  of  such  importance  as  that 
of  the  sulphur.  In  the  basic  process  the  sulphur  is  of  very  great 
moment,  inasmuch  as  the  ordinary  white  pig  iron  generally  contains 
a  greater  amount  of  this  impurity  than  does  the  Bessemer  pig  iron. 
It  is,  however,  to  be  hoped  that  by  increased  experience  makers 
will  succeed  in  the  elimination  of  sulphur  as  well  as  they  have  done 
with  the  phosphorus.  Anyhow,  sulphur  willalways  be  a  source  of 
trouble  to  the  maker  rather  than  to  the  consumer  of  rails. 

The  carbon  test  by  coloration  according  to  Eggertz's  method  is 
quite  reliable  within  any  limits  that  occur  in  rail-steel.  It  is  true 
that  it  does  not  show  the  graphite,  but  the  amount  of  this  is  so 
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small  that  it  can  be  left  out  without  any  detriment  in  practice. 
Besides,  this  method  is  very  generally  adopted,  and  where  the  make 
is  large  and  every  charge  has  to  be  tested,  the  number  of  tests  may 
amount  to  about  one  hundred  a  day.  How  could  this  be  done  if 
combustion  tests  were  used  ?  Moreover,  I  should  mention  that 
Professor  Eggertz  has  lately  introduced  considerable  improvements, 
by  which  greater  accuracy  can  be  obtained  even  when  the  carbon  is 
very  low. 

No  one  has  a  right  to  doubt  the  correctness  of  analytical  results 
made  by  Dr.  Dudley's  assistant  as  long  as  he  certifies  to  them. 
But  the  makers  have,  no  doubt,  some  right  to  complain  of  the 
small  amount  of  silicon  allowed  in  Dr.  Dudley's  formula,  viz., 
.04  per  cent.  What  would  Dr.  Dudley  say,  if  on  analyzing  some 
steel  rails  from  his  own  road,  which  had  given  very  good  results, 
he  had  found  ten  times  as  much  silicon  as  his  formula  required — 
a  result  which  I  think  quite  possible,  as  I  have  sometimes  found 
this  amount  of  silicon  in  steel  of  excellent  physical  characters. 
There  is  no  impurity  in  steel  rails  which  varies  so  much  as  the 
silicon,  not  only  in  different  districts  and  countries,  but  even  in  the 
same  work's.  It  often  varies  four  or  five  times  as  much  at  one  time 
as  at  another,  the  variation  depending  chiefly  upon  the  heat  of  the 
blow  the  pig  iron  used  being  the  same.  Silicon  passes  away  simul- 
taneously with  the  carbon  in  the  cold  blow,  but  keeps  in  almost  un- 
diminished quantity  in  the  hot  blow ;  and  the  makers  have  as  yet 
no  means  of  determining  when  the  silicon  is  removed,  as  they  have, 
for  instance,  in  the  case  of  carbon.  The  use  of  the  spectroscope  has 
been  of  but  little  value  in  practice  on  a  large  scale.  It  w^ould  there- 
fore be  very  hard — in  fact,  unnecessarily  severe — to  limit  this  im- 
purity to  such  a  degree  as  to  be  scarcely  attainable  in  practice. 

I  fear  also  that  Dr.  Dudley's  physical  tests  are  quite  as  impracti- 
cable as  his  chemical  ones.  To  apply  a  bending,  or  a  shearing,  or 
torsion  test  to  an  article  which  has  in  daily  use  to  sustain  concussion 
and  abrasion,  seems  a  curious  course  of  procedure.  Besides,  these 
tests  are  too  slow  and  costly  to  be  of  much  service  in  actual  prac- 
tice, just  as  is  the  case  with  the  tests  of  tensile  strength  and  con- 
traction of  area  stipulated  by  the  German  Railway  Union. 

I  have  had  ample  experience  of  late  to  prove  the  comparative 
worthlessness  of  such  tests  in  Germany,  and  I  should  regret  to  see 
America  or  any  other  country  adopt  them.  For  years  these  tests 
have  been  insisted  on  by  the  German  Railway  Union  for  all  its 
rails  ;  the  drop  test  has  been  so  reduced  as  to  have  little  or  no  effect, 
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and  even  in  some  cases  it  has  been  abolislied  altogether.  Since  I 
commenced  inspection  at  German  works,  not  only  have  I  found 
some  makers  objecting  to  my  heavy  drop  test,  but  on  analyzing  the 
German  rail-steel  I  have  found  that  it  contains  twice  as  much  phos- 
phorus and  silicon  as  the  English  rail-steel,  where  the  drop  test  has 
principally  been  used  for  many  years.  In  fact,  the  scientific  German 
tests,  with  all  their  disadvantages  of  slowness  and  expense,  have 
proved  altogether  less  efficacious  in  keeping  out  these  impurities 
than  the  simple  drop  test,  although  the  latter  is  designated  as 
'^ crude."  Still  Dr.  Dudley  recommends  the  former  when  he  cannot 
put  in  execution  the  still-born  idea  of  a  registering  manometer  on 
the  punching  machine  for  measuring  the  hardness  of  the  metal,  as 
suggested  at  Barrow  many  years  ago,  but  never  actually  put  into 
practice.  Why  should  we  give  up  a  test  th*at  has  for  years  done 
good  service  for  millions  of  tons,  simply  because  it  is  ^^  crude,"  and 
adopt  a  slow,  costly,  and  impracticable  one,  which  has  not  done  good 
service,  simply  because  it  is  '^scientific?  " 

As  to  the  theory  of  the  softest  rail  being  best  for  wear,  I  should 
require  further  proof  on  thousands  of  tons  before  positively  accepting 
it.  If  the  Pennsylvania  Railroad  Company  and  Dr.  Dudley  will,  as 
we  hope,  continue  their  researches  on  steel  rails,  not  only  for  their 
own  benefit  but  also  for  the  good  of  mankind,  I  would  venture  to 
suggest  that  instead  of  repeating  for  the  third  time  these  costly  and 
elaborate,  not  to  say  tedious  experiments,  they  should  lay  a  thousand 
tons  of  soft  rails  made  to  Dr.  Dudley's  formula  and  proposed  phys- 
ical test,  and  also,  on  the  same  line  of  road  opposite,  another  thousand 
tons  of  hard  rails  with  the  ordinary  chemical  composition,  inspected 
as  I  have  described,  so  as  to  compare  the  results  of  wear  with  the 
view  of  proving  which  is  the  best.  This  would  cost  little  or  nothing, 
and  after  all  be  more  convincing  than  any  experiments,  however 
carefully  made,  on  single  bars,  such  as  those  now  executed  with  so 
much  care.  The  only  drawback  to  my  suggestion  is  the  time  it 
would  require  for  the  comparison,  this  time  depending  upon  the 
amount  of  traffic  on  the  line  where  they  are  put  down.  Meanwiiile 
some  approximate  results  from  single  rails  could  be  obtained,  as  to 
the  wearing  resistance  of  soft  and  hard  rails,  and  the  hardness  derived 
either  from  carbon,  phosphorus,  or  silicon,  if  a  locomotive  engine 
were  placed  on  such  experimental  rails,  one  being  soft  and  one  hard  ; 
it  should  have  its  driving-wheels  sliding  on  the  same  spot,  water  and 
sand  being  applied,  and  the  cutting  or  wear  in  the  two  rail-heads 
could  be  measured,  or  the  reduction  of  weight  ascertained.     This 
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mode  would  have  the  advantage  of  giving  results  in   a  day  or  two, 
but  I  admit  that  it  would  be  but  a  crude  test  of  single  bars. 

Ten  years  ago  a  paper  was  read  at  the  Institution  of  Civil  En- 
gineers by  Mr.  Price,  of  Dublin,  on  a  rail-testing  machine  very 
much  like  a  turntable,  which  was  revolved  on  experimental  rails 
with  high  velocity,  in  order  to  ascertain  the  resistance  against  wear 
from  rolling  weight ;  but  this  machine  never  came  to  work,  at  least 
in  London,  where  it  was  meant  to  establish  it  as  a  public  testing- 
machine  for  rails.  The  best  testing-machine  is  now  the  underground 
railway,  where  steel  rails  of  a  very  heavy  bull-headed  section  last 
but  a  few  years;  but  it  is  doubtful  whether  the  engineers  in  charge 
would  allow  it  to  be  used  for  experiments,  at  least  they  have  not 
done  so  yet.  The  best  authority  on  this  subject  is  Mr.  R.  Price 
Williams,  M.I.C.E.,  who  has  read  several  papers,  and  collected 
data  and  statistics  on  the  wearing  resistance  of  the  rails  on  English 
railways. 

In  the  address  to  the  meeting  of  the  Iron  and  Steel  Institute, 
which  has  been  just  held  in  London,  the  president,  Mr.  J.  T.  Smith, 
of  Barrow,  quotes  Mr.  Price  Williams's  experience  of  steel  rails  last- 
ing nine  times  as  long  as  iron  rails,  but  adds  that  this  is  probably 
more  often  the  exception  than  the  rule ;  and  the  past  president,  Mr. 
Menelaus,  thinks  the  endurance  to  be  onlv  three  times  that  of  iron 
rails.  I  have  of  late  years  adopted  six  times,  but  since  the  price  of 
steel  rails  became  reduced  to  that  of  iron  no  calculations  are  needed 
to  show  their  preference.  It  is,  however,  certain  that  those  steel  rails 
from  which  such  excellent  results  were  obtained  at  first,  say  ten 
years  ago,  were  made  harder  than  they  are  now,  and  this  seems  rather 
to  oppose  Dr.  Dudley's  new  theory  that  the  softest  rail  lasts  the 
longest. 

An  alteration  of  importance  in  the  second  paper  is  that  the  Doctor 
in  his  third  test  has  adopted  the  use  of  crop  ends,  although  he  still 
adheres  to  bending  tests  instead  of  drop  tests  for  the  sake  of  securing 
a  soft  material.  But  the  drop  test  would  also  secure  a  soft  material 
if  prescribed  to  a  minimum  deflection  for  a  certain  blow  given  ;  and 
at  the  same  time  it  is  a  criterion  of  safety.  I  have  stated  that  as  an 
effect  of  my  standard  drop  tests,  the  deflection  should  amount  to  3 
inches  or  4  inches  according  to  the  hardness  of  the  steel  and  height  of 
section.  I  admit  that  the  difference  in  the  foundation,  as  to  solidity, 
might  be  misleading,  but  at  any  rate  it  is  good  enough  for  comparative 
tests  made  in  the  same  place  and  for  the  same  section  ;  besides  it  has 
the  advantage  over  the  proposed  mode  of  cutting  out  the  test-piece 
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from  the  rail  aod  bending  in  the  machine,  a  test  which  is  too  slow 
and  costly  to  be  used  in  daily  practice. 

With  a  view  of  securing  soft  material  for  rails  the  basic  process 
comes  in  most  beautifully  ;  by  this  process  they  can  be  made  as  soft 
as  lead  and  with  only  a  trace  of  silicon,  and  still  the  ingots  are  made 
solid,  no  doubt  for  the  reason  that  the  basic  steel  is  cast  so  much 
hotter  than  the  Bessemer. 

In  fact  the  difficulty  by  this  process  was  at  first  to  make  steel  of 
ordinary  hardness;  but  now,  since  hematite  pig  is  added  instead  of 
Spiegel,  steel  of  any  degree  of  hardness  can  be  produced.  Indeed  I 
am  just  now  inspecting  blooms  made  by  this  process,  and  judging 
from  several  analyses  made,  I  have  found  the  average  contents  as 
follows:  silicon  only  a  trace,  carbon,  average,  0.33,  manganese  0.35, 
and  phosphorus  0.08.  Such  rails,  tested  to  my  standard  drop  test, 
show  a  deflection  of  about  5  inches,  which  indicates  more  softness 
than  ordinary  rail-steel  made  by  the  Bessemer  process.  The  safety 
from  breakage  secured  by  the  soft  metal  is  decidedly  an  advantage 
to  the  engineer,  but  not  exactly  so  to  the  rail  maker,  since  the  softer 
metal  necessarily  gives  more  cracks  and  wasters  than  steel  of  medium 
hardness. 

Having  been  the  inspector  to  the  Swedish  government  railways 
for  the  last  twenty  years,  I  have  been  naturally  anxious  to  secure  to 
them  a  rail  which  should  be  safe  against  their  rigorous  climate,  and 
fearing  that  the  so-called  phosphor-steel  would  break,  I  made,  at  the 
Panteg  Works,  in  South  Wales,  six  years  ago,  some  special  phosphor- 
steel  rails  (about  one  hundred  rails,  with  the  amount  of  0.25  per 
cent,  phosphorus,  but  low  in  carbon  and  silicon),  and  tested  them 
to  my  standard  drop  test. 

These  rails  have  been  down  at  Stockholm  on  a  branch  ever  since; 
none  of  them  have  broken,  although  the  cold  sometimes  reaches 
minus  30"  F.  I  can  also  give  the  experience  from  the  Swedish  state 
railways,  of  other  rails,  with  a  composition  of  carbon,  average,  0.20 
to  0.30  per  cent,  phosphorus  0.06  to  0.12,  and  silicon  0.10  to  0.30 
per  cent.  Out  of  35,000  only  four  rails  broke  during  the  winter  of 
1880,  and  these  breakages  might  be  equally  well  caused  by  mechani- 
cal faults  as  by  the  chemical  composition.  However,  it  is  of  course 
safer  for  cold  climates  to  have  as  little  phosphorus  as  possible  in  the 
rails,  and  to  secure  hardness  by  the  presence  of  carbon. 

The  results  just  given  show  how  wide  a  variation  in  the  compo- 
sition can  be  tolerated,  even  for  rails  exposed  to  a  most  rigorous 
climate.     I  think  we  ought  to  be  thankful  to  Dr.  Dudley  for  having 


DISCUSSION    OX   STEEL    RAILS.  599 

raised  the  question  of  chemical  composition,  for,  the  more  we  go 
into  the  matter  the  more  our  views  will  be  widened,  and  we  shall  be 
disposed  to  grant  more  liberal  variations  in  the  impurities  than  we 
should  have  done  if  we  had  not  analyzed  the  metal.  Before  chem- 
istry has  enlightened  our  views,  there  will  naturally  be  errors  com- 
mitted from  '^  troj)  de  zHe  "  on  the  part  of  the  engineers.  For  instance, 
an  eminent  engineer,  not  long  ago,  rejected  some  steel  rails  because 
they  contained  0.15  per  cent,  of  silicon,  although  they  were  faultless 
in  all  respects. 

Another  question  arises  as  to  the  wearing  resistance  and  hardness 
derived  from  carbon  alone,  compared  with  that  from  phosphorus, 
silicon,  or  manganese,  carbon  being,  in  these  cases,  at  a  minimum. 
Whether  the  wearing  resistance  is  the  same  or  not,  wo  know  that 
safety  is  best  secured  by  the  carbon,  and  by  a  minimum  amount 
of  the  other  impurities,  particularly  in  countries  with  cold  climates. 
However,  in  other  countries  with  mild  climates,  and  where  the  ores 
are  impure  with  phosphorus,  millions  of  tons  of  rails  have  been  made, 
and  laid  down  on  the  track,  which  seem  to  answer  well,  both  as  to 
safety  and  wear,  although  the  carbon  must  be  low,  with  a  rather 
high  proportion  of  phosphorus.  Since,  by  the  discovery  of  the 
basic  process,  the  phosphorus  can  be  eliminated  and  the  carbon  added 
by  using  pure  hematite  pig,  instead  of  spiegel,  after  the  blow,  there 
is  an  opening  even  for  countries  with  a  severe  climate,  and  with 
impure  ores,  to  produce  good  rail-steel  with  a  minimum  of  phos- 
phorus, and  with  hardness  resulting  from  carbon,  just  as  if  the  steel 
had  been  made  originally  from  pure  ores.  I  should  also  remark 
that  the  amount  of  manganese — 0.35 — given  according  to  Dr.  Dud- 
ley, might  well  be  doubled  as  a  means  of  lessening  the  other  ''  deadly 
sins  of  impurities," — to  use  Dr.  Siemens's  expression, — and  also  in 
order  to  facilitate  rolling  into  clean  rails. 

I  would  sum  up  my  remarks  on  Dr.  Dudley's  paper,  by  saying, 
that  while  I  disagree  with  his  tests,  both  chemical  and  physical,  I 
nevertheless  agree  with  him  in  the  application  oi  chemistry  to  steel 
inspection  ;  but  it  must  be  used  only  in  a  practical  way ;  and  if  I 
have,  in  my  paper  read  before  this  Institute,  shown  any  decided 
preference  for  mechanical  tests,  it  is  simply  because  they  have,  under 
ordinary  circumstances,  done  good  service,  and  proved  quite  suf- 
ficient in  practice.  I  have  also  said  "  let  the  chemist  help  us,  but 
not  be  our  dictator."  For  my  own  part,  I  apply  chemical,  combined 
with  mechanical  tests,  and  I  have,  in  that  way,  even  carried  out 
inspection  under  Dr.  Dudley's  specification  where  railway  companies 
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insisted  upon  adopting  it.  Mechanical  tests  come  first,  and  the  drop 
'test  to  my  standard  is  insisted  upon  for  both  rails  and  blooms  (sam- 
ple blooms  are  rolled  into  rails  for  the  purpose  of  being  tested) ; 
borings  are  then  taken  from  the  steel  actually  tested  mechanically, 
and  sent  to  my  laboratory,  where  the  carbon,  phosphorus,  silicon, 
and  manganese  are  determined. 

However,  I  do  not  think  it  advisable  to  publish  any  particular 
formula,  or  maximum  and  minimum  of  composition,  because  we  are 
really  not  yet  in  a  position  sufficiently  assured  to  do  so.  I  think  the 
first  step,  in  introducing  chemistry  into  rail  and  bloom  inspection,  is 
to  institute  a  combination  and  comparison  between  chemical  and 
mechanical  tests.  After  sufficient  experience  and  reliable  data  have 
been  obtained,  the  time  will  have  arrived  when  exact  formulas  may 
be  established. 

In  the  inspection  of  rails  I  only  analyze  when  the  mechanical 
test  gives  any  extraordinary  results.  If,  for  instance,  a  rail  has 
broken,  under  the  falling  test,  if  it  has  l)roken  on  the  road  under 
service,  if  it  bends  differently,  showing  differing  degrees  of  hardness, 
then  the  chemical  analyses  are  of  interest,  and  may  be  of  service. 
After  all,  however,  it  is  only  a  large  number  of  trials  that  should 
vjount,  and  no  decided  judgment  should  be  formed  from  single  ob- 
servations. Chemistry  has  been  very  useful  to  the  maker,  and  may 
be  equally  so  to  the  engineer  when  properly  applied  ;  but  no  positive 
deductions  should  be  made  except  after  large  and  varied  experience 
and  experiments. 

I  think  I  have  shown  that  as  a  professional  inspector,  I  have,  at 
any  rate,  done  my  part  towards  introducing  chemistry  into  my  prac- 
tice wherever  railway  companies  and  my  clients  specify  such  tests. 
For  their  own  sakes,  as  well  as  for  the  solution  of  many  questions  now 
under  discussion,  it  is  to  be  hoped  that  purchasers,  without  specifying 
too  much,  will  rather  proceed  by  degrees  to  adopt  chemical  inspec- 
tion of  their  rails  and  blooms,  in  order  to  avoid  unnecessary  conflict. 
The  engineers  should  never  lose  sight  of  the  fact  that  the  solution 
of  such  a  question  as  this  would  be  arrived  at  much  more  safely, 
and  much  better,  with  the  assistance  of  the  makers,  and,  therefore, 
it  is  not  expedient  to  vexatiously  oppose  them.  On  the  other  hand, 
the  makers  should  bear  in  mind  that  they  cannot  have  it  all  their 
own  way,  and  I  may  safely  say  that  they  have  not  got  it  in  Europe. 

I  agree,  without  reservation,  with  the  views  which  my  friend, 
Mr.  A.  L.  Holley,  has  expressed  in  his  paper  on  '^  Rail  Patterns;" 
and  I  can  prove,  by  the  contents  of  my  circulars  and  by  the  cor- 
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rcspondence  in  technical  papers,  which  has  from  time  to  time  taken 
place,  that  the  opinions  I  held  when  I  took  np  the  question  of 
standard  or  normal  patterns  have  remained  unchancred,  and  are 
identical  with  those  referred  to  above.     It  is,  however,  evident  that 


Fig.  1. 


I 


End  View. 


occasional  remarks  on  the  subject,  published  here  and  there  in 
various  ways,  are  not  so  valuable  and  serviceable  as  when  collected 
and  issued  in  a  complete  and  concise  form,  and  it  is  such  a  work  of 
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reference  on  the  subject  of  rail  patterns  that  is  now  available  in  Mr. 
Hoi  ley's  paper. 

Rail  making  is  a  comparatively  new  branch  of  the  iron  and  steel 
industry,  yet  it  is  of  great  importance,  and  railmakers  have  every 


Fig.  2, 


Section  beyond  the  Second  Bolt  Hole. 


inducement  to  improve   their  machinery,  so  that  in  course  of 
more  difficult  sections  will  be  rolled  with  ease,  until  ultimately, 
haps,  a  thinness  will  be  obtained  comparable  to  a  spider's  web. 
On  the  other  hand,  just  to  show  that  there  is  some  ^'body 
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quired  even  for  the  flange  and  web  of  the  rail  to  resist  the  wear  and 
tear  at  the  joint,  particularly  if  it  is  loose,  I  show  a  lithograph 
drawing  of  a  steel  rail  after  eiglit  years'  service  on  one  of  the  best 
maintained  railways  in  Germany.     (See  accompanying  cuts.) 

But  it  necessarily  follows  that,  with  this  progression,  normal  forms 
and  patterns  will  only  be  retained  as  standards  for  periods  of  greater 
or  less  duration  ;  and  it  will  become  a  question  for  the  consideration 
of  the  railway  engineer,  whether  it  would  be  more  advisable  to  re- 
tain and  alter  what  he  has,  or  to  put  up  with  the  inconvenience  of 
keeping  several  patterns  and  having  new  fish-plates.  In  the  con- 
struction of  new' lines  one  can  choose  the  most  modern  and  econom- 
ical section,  only  limited  by  the  price  at  which  it  can  be  obtained. 
Under  these  circumstances,  it  is  evident  that  no  patterns  will  be  uni- 
versally adopted  for  ever,  notwithstanding  the  vast  amount  which 
would  be  saved  if  they  could  possibly  be  definitely  fixed.  It  is 
curious  to  remark  that  the  very  man  who  now  proposes  to__  finally 
settle  upon  a  standard  is,  probably,  the  one  who  by  his  genius,  aided 
by  the  immense  resources  of  the  United  States,  will  produce  pat- 
terns and  sections  more  desirable  than  those  which  he  would  iiow 
like  to  make  permanent,  and  will  thus  bring  about  the  very  changes 
which  he  now  de{)recates. 

I  willingly  admit  that,  considering  the  present  stage  of  excellence 
to  which  rail  making  has  attained,  my  pattern  appears  '^clumsy" 
alongside  of  the  more  difficult  one  of  Mr.  Holley's.  In  1870  I  first 
designed  my  pattern  in  accordance  with  what  English  rail  makers  could 
then  produce,  and  with  the  restriction,  that  no  extra  cost  was  to  be 
incurred  in  manufacture.  In  1878  I  found  that  the  mills  were  so  far 
advanced  that  there  was  a  decided  call  for  a  second  series  of  patterns, 
and  it  was  not  to  be  expected  that  either  of  these  series  should  be 
equal  to  the  Holley  pattern,  recently  designed,  with  respect  to  the 
flanges  and  web.  The  difference  is  merely  an  illustration  of  the 
progress  which  has  meanwhile  been  made. 

Mr.  Holley's  new  patterns  are  produced  after  the  vast  experience 
gained  by  him  in  his  visits  to  rail  makers  in  Europe  for  newly-de- 
signed and  constructed  works  in  America.  It  may  be  remarked  here 
that  the  European  mills  have  much  improved  of  late.  New  mills 
have  been  laid  out  in  England,  partly  on  the  reversing  system,  and 
on  the  Continent  the  iniprovement  is  marked  by  the  use  of  tliree 
high  rolls. 

With  reference  to  Mr.  A.  Welch's  remark  and  also  Mr.  Hart's 
letter,  about  the  first  original  section  for  steel  rails  designed  as  early 
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as  1866,  I  wish  to  assure  both  these  gentlemen  that  I  had  not  seen 
the  section  when  I  designed  mine,  and  even  if  I  had,  I  should  not 
have  then  dared  to  put  it  forth  as  a  standard  for  English  rail  makers  ; 
and  the  soundness  of  my  opinion  has  a  simple  but  conclusive  proof 
in  the  statement  made  concerning  the  extra  price  which  was  at  that 
time  required  for  their  production.  I  need  not  say  that  I  highly 
approve  of  the  original  Welch  section,  for  it  is  in  principle  similar 
to  the  design  which  I  made  rifteen  years  subsequently;  and  from  a 
professional  point  of  view  I  would  fully  concede  to  Mr.  Welch  the 
credit  of  first  designing  the  modern  steel-rail  section.  From  a  com- 
mercial, matter  of  fact,  and  practical  point  of  view,  he  was,  however, 
before  his  time  by  many  years;  or  to  put  it  in  another  way,  rail 
making  was  ten  years  behind  its  time  when  the  new  metal  steel  was 
first  introduced  for  rails. 

If  his  design  has  been  incorrectly  identified  with  my  name  (as  the 
sections  are  similar  in  principle,  though  they  differ  in  thickness  of 
flange  and  web),  I  beg  to  say  (1st)  that -I  much  regret  the  misun- 
derstanding which  has  arisen  through  no  fault  of  mine,  and  (2d) 
that  no  confusion  has  been  intentionally  created  by  me. 

It  is  a  pity  that  the  section  designed  so  long  ago  has  not  been 
made  public  at  an  earlier  date,  as  it  would  make  a  really  good  stand- 
ard pattern,  and  even  now  be  quite  equal  to  present  requirements. 

In  conclusion,  I  wish  to  say  that  I  have  never  desired  to  claim 
any  invention  or  novelty  by  the  publication  of  my  sections ;  they 
were  put  forth  as  being  such  as  English  railmakers  could  and  would 
produce  at  the  ordinary  market  price,  and  as  being  the  best  and 
most  suitable  to  be  so  obtained.  Had  Mr.  Welch  or  Mr.  Hoi  ley 
put  forward  theirs  ten  or  fifteen  years  ago.  I  should  have  been  the 
first  to  recommend  them.  In  fact  I  should  have  been  glad  to  see 
their  names  associated  with  rail  patterns  in  their  own  country,  in 
the  same  way  as  mine  has  been. 

Professor  Rich.  Akerman,  Stockholm,  Sweden:*  I  agree 
with  your  (Mr.  Sandberg's)  views  that  it  is  too  early  yet  to  stipulate 
only  one  definite  chemical  composition  in  the  rails.  Such  a  stipulation, 
I  think,  might  be  justified,  if  it  were  not  for  the  manganese;  but  this 
metal  changes  the  properties  of  the  iron  and  steel  in  the  same  direc- 
tion as  carbon,  silicon,  and  phosphorus,  by  increasing  its  tensile 
strength,  stiffness,  hardness,  and  brittleness.  If  the  iron  and  steel 
does  not  only  contain  carbon  and  manganese  but  also  phosphorus, 

*  From  a  letter  to  Mr.  Sandberc:. 
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silicon,  and  sulphur,  I  think  everybody  will  agree  that  the  man- 
ganese, to  a  great  extent,  can  neutralize  pot  only  the  effect  to  red- 
shortness,  caused  by  the  sulphur,  but  also  the  tendency  of  the  iron 
or  steel  to  become  burnt  and  brittle,  caused  by  the  phosphorus  and 
sili(;on.  Thus  brittleness  can  be  as  well  increased  as  decreased  by 
the  presence  of  manganese,  and  I,  therefore,  consider  that,  however 
necessary  analyses  now  and  then  may  be,  in  order  to  enlighten  us 
and  to  explain  exceptional  cases,  yet  they  are  not  convenient  as  prac- 
tical tests  upon  rails,  especially  as  the  properties  of  the  rails  not  only 
depend  on  the  chemical  composition  of  the  iron  or  steel,  but  to  a 
great  extent  also  upon  the  soundness  of  the  ingots  and  the  mode  of 
manufacture. 

Still  less  uecessary  than  analyses  I  regard  the  German  system  of 
controlling  the  rails  by  researches  on  contraction  of  area.  I  do  not 
consider  either  the  elongation  or  the  contraction  of  area,  in  fracturing 
samples,  to  test  tensile  strength,  to  give  a  correct  idea  of  the  toucrh- 
ness  of  iron  or  steel.  On  the  contrary,  I  regard  the  falling  test, 
properly  carried  out,  to  be  much  better  in  this  respect  and  to  give  a 
greater  safety  against  breakage  than  the  common  tests  on  tensile 
strength. 

Dr.  R.  W.  Raymond,  New  York  :  It  occurred  to  me  after  the 
presentation  of  Dr.  Dudley's  interesting  paper  on  this  subject,  and 
after  the  discussion  to  which  it  gave  rise,  that  the  important  data  he 
had  collected  might  be  made,  by  suitable  mathematical  treatment,  to 
yield  more  significant  indications  than  had  yet  been  obtained  from 
them.  It  is  true  that  Mr.  Cloud  has  discussed  by  the  method  of  least 
squares,  the  results  set  forth  in  Dr.  Dudley's  former  paper,  on  the 
breakage  of  rails.  But  the  breakage  of  a  rail  is,  I  think,  far  more 
likely  to  be  due  to  mechanical  or  accidental  (not  cheaiical)  conditions 
than  the  loss  of  metal  by  wear.  For  this  reason  I  should  attach  less 
importance  to  the  data,  and  place  less  reliance  in  their  discussion. 
Moreover,  the  number  of  observations  in  the  paper  referred  to  was 
relatively  small — too  small  to  permit  the  method  of  least  squares 
to  give  trustworthy  results.  Finally  Mr.  Cloud  correlated  the  chem- 
ical constitution  with  certain  physical  tests,  not  directly  expressive 
of  the  resistance  of  the  rail  to  breakage.  In  the  case  before  us,  we 
have  sixty-four  observations,  and  they  directly  connect  certain  chem- 
ical proportions  with  a  definite  physical  result  of  experience,  namely, 
the  loss  of  metal  by  wear.  I  think,  therefore,  that  this  case  presents 
a  better  opportunity  for  such  a  mathematical  discussion  as  will  test, 
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to   some  extent,   the   assumptions    underlying   Dr.   Dudley's  con- 
clusions. 

These  assumptions  are:  that  the  loss  of  metal  per  million  tons  of 
traffic,  depends,  first  upon  the  circumstances  under  which  the  rail  is 
worn  ;  secondly,  upon  the  proportions  of  its  various  constituents, 
and  that  the  amount  of  loss  is  affected  by  each  constituent  in  a  cer- 
tain ratio,  so  that  if  the  circumstances  were  the  same  for  all  the  rails, 
the  wear  per  million  tons  might  be  approximately  expressed  by  an 
equation  of  the  form  I  +  Cc  +  Pp  +  S,9  +  Mm  =  R,  in  which  I  is  an 
unknown  value,  depending  on  the  quantity  of  iron  (and  other  ingre- 
dients not  determined)  in  the  rail,  and  assumed  to  be  constant  for 
all  the  rails  ;  c,  p,  s,  and  m  are  the  experimentally  determined  quan- 
tities of  carbon,  phosphorus,  sulphur,  and  manganese,  as  tabulated 
in  Plates  VI  and  VI I  of  Dr.  Dudley's  paper;  and  R  is  the  experimen- 
tally determined  wear  per  million  tons;  while  C,  P,  S,  and  M  are 
unknown  coefficients.  In  other  words,  it  is  assumed  that  the  differ- 
ence in  wear  is  proportional  to  a  difference  in  c,  p,  s,  or  m,  and  that 
the  effects  of  a  change  in  the  amount  of  either  are  independent  of  the 
amount  of  the  rest — within  the  experimental  limits  of  the  problem. 

It  is  also  assumed  that  sulphur,  copper,  and  other  ingredients,  not 
determined,  are  equally  present  in  all  the  rails,  or  at  least  do  not 
affect  the  wear,  since  I  is  taken  as  constant. 

Dr.  Dudley  tacitly  assumes  the  coefficients  C,  P,  S,  and  M  to  be 

positive;  and  assigns  certain  values  to  them,  by  means  of  which  he 

reduces   the  equation   to  the  form   I  +  Px  =  R,  x  being  equal   to 

c  -r  s+^  w.  ^   p^  ^^  ^^^  number  of  so-called  phosphorus  units  in  the 

rail. 

But  we  do  not  have  R  directly  given  under  constant  circumstances. 
The  varying  weights  (per  engine,  car,  or  train)  and  the  varying 
speeds,  we  must  neglect  for  lack  of  data,  and  assume  that  in  these 
respects  the  rails  examined  have  been  treated  substantially  alike. 
But  there  remain  the  varying  conditions  as  to  track,  which  must  be 
eliminated.  Dr.  Dudley  gives  six  classes,  four  of  which  contain  8 
rails  each,  and  two  16  rails  each.  Beginning  with  the  first  (tangent 
grade),  we  take  the  mean  of  the  figures  expressing  wear  for  that 
class;  and  continuing  this  process  through  the  other  five,  we  obtain 
six  expressions  in  quantity  of  loss  by  wear,  which  we  assume  to 
represent,  in  their  differences,  the  varying  conditions  of  the  track, 
with  respect  to  grade  and  direction.  We  now  take  the  mean  of 
these  means  (giving  double  weight  to  the  groups  containing  16  ob- 
servations). This  general  mean  is  the  loss  of  metal  per  million  tons 
of  traffic  for  a  rail  of  average  constitution  under  mean  circumstances. 
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The  difference  between  it  and  the  mean  for  any  one  group  is  a  con- 
stant correction  to  be  applied  to  the  tabular  wear  of  each  rail  in  that 
e^roup,  to  obtain  what  may  be  called  the  reduced  loss  for  that  rail; 
that  is  to  say,  an  expression  for  the  loss  per  million  tons  of  traffic 
which  that  rail  would  have  shown,  had  it  been  worn  under  averaire 
circumstances.  For  example  (the  tabular  numbers  being  multiplied 
by  1000,  to  get  rid  of  long  decimals),  the  general  mean  of  loss  is 
76.7;  the  mean  for  the  tangent-grade  group  is  70.1  ;  the  correction 
is  +  6.6 ;  the  experimentally  determined  loss  of  rail  887  (of  that 
group)  is  38.6;  and  the  reduced  loss,  45.2. 

I  had  at  first  intended  to  do  with  the  units  of  wear  what'Dr. 
Dudley  did  with  his  chemical  units — reduce  them  all  to  one  actual 
group.  As  he  obtained  phosphorus  units,  so  we  might  obtain  tang- 
ent-grade, or  grade-curve,  or  level-curve  units.  But  the  reduction 
to  an  ideal  average  unit  of  wear  is  preferable^  as  giving  the  smallest 
possible  average  corrections,  and  distributing  the  errors  involved  in 
the  corrections  uniformly  over  all  the  observed  cases,  instead  of  con- 
centrating them  on  a  part.  I  am  indebted  for  this  suggestion,  and 
for  the  larger  part  of  the  voluminous  calculations  required  in  the 
details  of  the  work,  to  a  mathematical  friend,  without  whose  aid  I 
should  scarcely  have  been  able,  in  the  scanty  intervals  of  other  ab- 
sorbing occupations,  to  solve  the  problem,  even  after  stating  it. 

It  is,  however,  simple  enough,  though  very  tedious.  From  the 
64  given  cases,  we  form  64  equations  of  condition,  of  the  form 
I  +  Cc  +  P/>  +  Ss  +  Mm  =  R,  in  whicli  the  different  symbols  have 
the  same  meaning  as  before,  except  that  R  is  the  reduced  loss  by 
wear,  as  already  explained. 

These  64  conditional  equations  are  now,  by  the  method  of  least 
squares,  reduced  to  5  normal  equations,  containing  the  5  unknown 
quantities,  I,  C,  P,  8,  and  M.  The  solution  of  these  equations  will 
give  us  the  most  probable  values  for  I,  C,  P,  S,  and  M,  which  the 
equations  of  condition  can  yield. 

I  do  not  intend  at  this  time  to  publish  the  details  of  the  calculation. 
If  time  permits,  there  are  other  assumptions  which  I  should  like  to 
introduce  into  the  discussion,  to  test  the  results  already  obtained. 
It  would  be  interesting,  for  instance,  to  repeat  the  whole  process 
with  equations  of  the  form  I  X  Cc  X  Pp  X  S.s  X  Mm  =  R. 

At  all  events  I  am  not  now  prepared  to  present  the  figures  of  the 
calculation,  in  which,  though  the  equations  have  been  solved,  the 
probable  errors  of  the  solutions  have  not  yet  all  been  determined. 
But  I  am  able  to  say  that  Dr.  Dudley's  own  data  and  assumptions, 
thus  treated,  show  the  coefficient  of  silicon  to  be  negative,  and  that 
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of  manganese  to  be  practically  zero.  In  other  words,  the  silicon, 
though  a  ''  hardener/'  does  not,  like  carbon  and  phosphorus,  increase, 
within  the  limits  of  these  tests,  the  loss  of  metal  by  wear;  on  the 
contrary,  it  increases  the  wearing  capacity.  And  manganese  seems 
to  be  neutral  in  that  respect,  behaving  like  so  much  iron.  These 
two  metals  play,  then,  a  very  different  part  from  that  assigned  to 
them  in  Dr.  Dudley's  formula,  which  holds  true  (and  that  with 
modified  coefficients)  for  the  non-metals,  carbon  and  phosphorus  only. 
I  will  not  here  enlarge  upon  the  imperfections  inherent  in  the 
application  of  the  method  of  least  squares,  and  in  the  necessary  em- 
ployment of  so  many  assumptions.  In  spite  of  them  all,  I  believe 
that  the  indications  here  afforded  are  significant.  Certainly  the 
"  phosphorus-unit"  system  must  be  abandoned,  so  far  as  silicon  and 
manganese  are  concerned;  but  are  there  not  hints  of  practice  point- 
ing in  the  same  direction,  as  the  results  of  this  mathematical  inquiry, 
as  to  those  two  elements?  Have  we  not  heard  repeatedly  of  high- 
silicon  rails  showing  extraordinary  wear?  And  is  it  not  "  important 
if  true  "  that  manganese  may  be  increased  beyond  Dr.  Dudley's  limit, 
if  it  be  otherwise  useful  or  convenient,  without  injury  to  the  wearing 
capacity  ? 

Dr.  C.  B.  Dudley  said  that  he  had  listened  with  much  interest 
to  the  present  discussion,  but  he  was  not  prepared  to  reply  at  the 
moment,  to  all  that  had  been  said  in  criticism  of  his  paper  read  at 
the  Philadelphia  meeting.  At  a  subsequent  meeting,  after  he  had 
had  opportunity  to  carefully  examine  and  study  the  remarks  of  the 
different  contributors  to  the  discussion,  he  would  briefly  sum  up 
the  case  from  his  standpoint. 
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BY  A.    W.    HALE,    NEW  YORK   CITY. 

In  a  work  published  in  1838,  De  Morgan,  the  author  of  the 
article  on  "  Probabilities,"  in  the  Mwyclopcedia  Metropolitana,  says  : 
^' The  method  of  least  squares  is  not  yet  introduced  into  the  affairs 

of  common  life, that  many  things  which  are  demonstrable 

only  by  the  higher  branches  of  mathematics  are  looked  upon  as 
useless."  And  he  mentions  an  instance  in  which  "a  method  was  sug- 
gested for  estimating  the  relative  importance  of  boroughs,  by  con- 
sidering their  population  and  contributions  to  the  revenue  com- 
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bineclly,  which  was  ridiculed  by  some  members  of  tlie  House,  partly 
because  a  more  simple,  but  wrong  method  happened  to  give  nearly 
the  same  results,  and  partly  because  it  involved  decimal  fractions/^ 

If  this  may  seem  to  imply  ignorance  or  prejudice  on  the  part  of 
British  legislators,  there  is  something  to  be  said  on  the  other  side, 
for  Do  Morgan  himself  elsewhere  says:  ^'My  own  impression,  derived 
from  many  circumstances  connected  with  the  analysis  of  probabilities, 
is,  that  mathematical  results  have  outrun  their  interpretation  ;  and 
that  some  simple  explanation  of  the  force  and  meaning  of  La  Place's 

celebrated  integral  will  one  day  be  found, wdiich  will  at 

once  render  useless  all  the  works  hitherto  written."  That  is  to 
say,  there  may  be  some  foundation  for  an  instinctive  prejudice 
against  the  application  of  such  complicated  reasoning  to  relations 
which  are  apparently  simple. 

Quetelet,  in  1846,  wrote  his  letters  on  probabilities  with  illustra- 
tions of  the  application  of  the  method  of  least  squares,  which  ap- 
proaches, perhaps,  as  nearly  to  a  popular  treatise  on  the  subject  as 
anything  which  has  yet  been  published.  Professor  Chauvenet,  in 
1864,  published,  as  an  appendix  to  his  astronomy,  a  treatise  on  the 
subject,  which  has  been  the  textbook  in  this  country  ;  but  its  use  has 
been  confined  principally  to  astronomical  and  geodetic  computations. 
Professor  Merriman,  in  1877,  published  a  treatise  on  the  method 
of  least  squares,  which,  by  separating  the  theory  and  the  practice, 
has  probably  considerably  enlarged  the  application.  He  gives  the 
titles  of  forty-seven,  selected  from  a  list  of  four  hundred  works  on 
the  subject^  running  from  1714  to  1873,  the  greater  part  of  w4iich 
are  occupied  with  the  discussion  of  the  theory,  and  are  little  known 
and  read.  The  subject,  in  fact,  belongs  to,  perhaps,  the  most  in- 
tangible and  least  attractive  branch  of  mathematics.  But  if  the 
theory  of  it,  like  that  of  the  calculus,  borders  on  the  metaphysical, 
the  results  are  useful  tools,  which  can  be  used  with  the  utmost  con- 
fidence. 

At  the  meeting  of  the  Institute  in  August,  1880,  Professor  Mun- 
roe  read  a  paper  in  which  he  brought  the  method  of  least  squares  to 
bear  upon  the  study  of  the  statistics  of  the  working  of  stamps  in 
the  AVestern  States  and  Territories,  furnished  by  Dr.  llayraond  in 
1870,  and  brought  out  their  true  meaning  and  essence.  This 
paper  is  interesting,  not  only  on  account  of  the  ability  with 
which  the  subject  is  treated,  but  also  on  account  of  its  novelty, 
or  as  I  should  say,  rarity,  for  Professor  Chase,  for  example,  has 
made  many  interesting  analyses  of  meteorological  tables  by  a  similar 
VOL.  IX. — 39 
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method  ;  but  this  is  perhaps  more  nearly  what  De  Morgan  calls 
introduction  ''into  the  affairs  of  common  life/'  and  shows  that  some 
advance  has  been  made  since  1838. 

The  business  of  mining  and  milling  is  so  largely  empirical  that  the 
greater  part  of  what  there  is  of  science  in  it,  lies  locked  up  in  such 
statistics.  There  has  never  been  so  large  a  field,  as  in  this  country, 
for  the  production,  nor  so  much  activity,  as  at  the  present  time,  in  the 
collection,  of  data  relating  to  this  subject,  but  the  discussion  of  such 
statistics  has  evidently  not  kept  pace  with  their  accumulation. 
There  is  an  immense  amount  of  material  ready  for  treatment,  but 
the  requisite  implements,  which  are  simple  formulas  stripped  of 
theory  and  mathematical  complications  and  confusion,  are  not  gener- 
ally accessible,  and  they  have  not  yet  found  their  way  into  the 
engineer's  pocket-book  where  they  may  with  advantage  be  put. 

The  suggestion  has  been  made  in  the  journal  of  the  Statistical 
Society,  that  if  they  who  furnish  statistics  for  publication  would 
work  out  their  significance,  and  suppress  all  such  figures  as  are 
not  significant,  the  gain  would  be  large.  In  the  present  paper  I 
have  written  out  a  few  formulas  that  I  have  had  occasion  at  one  time 
or  another  to  work  out,  simplify,  or  rearrange,  which  tend  to  facili- 
tate this  kind  of  work.  I  have  done  this  in  the  hope  that  others 
may  be  induced  to  extend  the  list. 

The  general  statement  is  this  :  We  have  a  table  of  statistics  which 
we  will  assume  are  direct  observations.  The  table  is  inaccurate, 
defective,  incomplete,  rough,  irregular,  and  the  law  of  its  structure 
is  unknown. 

1.  The  Table  is  Inaccurate. — There  are  one  or  more  observations 
which,  through  some  accidental  error,  depart  so  far  from  the  mean 
that  they  should  or  may  be  rejected. 

Peirce's  criterion  for  the  rejection  of  doubtful  observations  is  in- 
tended to  apply  to  a  case  of  this  kind. 

The  principle  involved  in  Professor  Peirce's  discussion  of  the 
problem  is,  as  stated  by  himself,  ''that  the  proposed  observations 
should  be  rejected  when  the  probability  of  the  system  of  errors  ob- 
tained by  retaining  them,  is  less  than  that  of  the  system  of  errors 
obtained  by  their  rejection,  multiplied  by  the  probability  of  making 
so  many,  and  no  more,  abnormal  observations." 

The  mathematical  analysis  of  the  problem  is  intricate,  and  the 
problem  has  led  to  much  discussion,  some  mathematicians  maintain- 
ing upon  good  grounds  that  no  observation  should  be  rejected. 
But  observations  have  been  and  will  be  rejected  when  the  judg- 
ment approves  their  rejection.     The  measure  by  which  the  judgment 
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is  likely  to  determine  the  rejection  or  retention  of  observations  is  the 
direct  ratio  of  the  errors,  which  is  not  the  law  of  ^'facility  of  error.'.^ 
The  unaided  judgment  is  likely  to  reject  observations  which  should 
be  retained  rather  than  the  reverse.  The  question  is  not  altogether 
whether  we  have  a  rigidly  accurate  criterion,  but  whether  we  have  a 
rule  which  is  easily  applied  and  which  is  more  to  be  trusted  than  the 
judgment  alone.  This  requirement  Peirce's  criterion  ap[)ears  to  meet; 
and  tables  to  facilitate  its  application  have  been  prepared  by  Dr.  B.  A. 
Gould.  By  making  a  slight  modification,  the  application  of  the  crite- 
rion, especially  when  restricted  to  direct  observations,  isextremely  easy. 
The  formula  of  Professor  Peirce  is  a  function  of  the  "  mean  error." 
The  modification  which  I  make  is  to  substitute  for  the  mean  error 
the  more  familiar  idea,  the  average  error,  meaning  by  error  the  dif- 
ference, disregarding  signs,  between  an  observation  and  the  average 
of  the  observations.  The  ''  mean  error"  is  strictly  a  function  of  the 
sum  of  the  squares  of  the  errors,  and  only  approximately  of  the  sum 
of  the  errors.  Dr.  Peters  gives  a  formula  which,  when  the  number 
of  observations  is  considerable,  is  a  close  approximation  to  the  true 

expression. 

Let  n^,  n^.  etc.,  represent  a  series  of  observations, 

7i,  the  number  of  observations  proposed  to  be  rejected. 

Wq,  tlie  average  observation, 

m,  the  number  of  observations, 

Vj,  7'2,  etc  ,  the  several  errors, 

[u],  the  sum  of  the  errors, 

Vq,  the  average  error, 

v^,  the  limiting  error, 

£,  the  mean  error, 

jji,  the  number  of  unknown  quantities  involved, 

A''^,  the  tabular  number  from  Dr.  Gould's  table, 


Then  v,  = 


Uq     ^     ?Jp 


^2  =  "o  ^  ■^2' 

.■.=£^ (1), 

in 
(Chauvenet  p.  559), 

^'y  =  A  e (2), 

(Dr    Peter's  formula,  Chauvenet,  pp   497,  521), 
1  2533  \y] 

V  in  [m  —  jjt) (^)) 

Combining  equations  (2)  and  (8), 

_12533A-[!?]         1.2533 /tm  [v]  . 

V  tn  [7n  —  jjt)  V  in  [tn  —  n)  ^^ 

Combining  (1)  and  (4), 

JmTB 
rn-,''o        (5), 


e 


Which  is  the  formula  for  the  limiting  error  which  I  have  used. 
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That  this  approximate  formula  is  practically  admissible,  the  fol- 
Ipwing  consideration  shows.  The  result  obtained  by  the  use  of  the  less 
accurate  formula  will  not  be  inaccurate  unless  the  greatest  error  fall 
between  the  values  obtained  by  the  two  formulas.  It  is  possible  to 
show  by  the  calculus  of  probabilities  that  this  is  not  likely  to  happen. 

To  facilitate  the  use  of  the  foregoing  formula  (5),  I  have  computed 
and  given  iu  the  following  table  the  values,  to  three  places  of  deci- 
mals, of  the  quantity 


1.2533  Jj'^ 

for  consecutive  numbers  of  observations  from  5*  to  60,  for  one  and 
for  two  unknown  quantities,  and  for  the  rejection  of  one,  two,  and 
three  observations. 

m  is  the  argument,  and  the  tabular  number,  K,  multiplied  by  Vq, 
gives  the  limiting  error,  an  observation  corresponding  to  an  error 
greater  than  which  is  to  be  rejected.  One  observation  having  been 
rejected,  the  limiting  error,  t\,  for  the  rejection  of  two  observa- 
tions is  obtained  by  multiplying  the  value  for  Vq,  already  found,  by 
the  tabular  number,  K  for  n  =  2,  in  column  3,  Table  I.  Two  ob- 
servations having  been  rejected,  the  limiting  error  for  the  rejection 
of  a  third  observation  is  to  be  found  in  the  same  way. 

i\  is  made  a  function  of  t'^,  rather  than  of  [v~\,  for  the  reason  that, 
since  the  first  order  of  differences  is  thus  made  more  nearly  constant, 
the  table  admits  more  readily  of  condensation. 

*  Whon  w  =  3,  the  criterion  fails  When  m  =  4,  the  result  by  formula  (5)  may 
be  indeterminate ;  m  ;=  5  is,  therefore,  practically,  the  lower  limit  of  the  table. 
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Table  I. 


m 

7^  =  l. 

■  I 
n-=2.            1 

1 

2 

3 
K 

1 
K 

2 

3 

K 

K 

K 

K 

5 

2.115 

i.f;8i 

2  223 

•    .    . 

6 

2.210 

1  788 

1.509 

2.292 

I  1  807 

i.602 

7 

2.292 

1.871 

1  607 

2  358 

1.936 

1  683 

8 

2  362 

1  947 

1.689 

2.419 

2.002 

1.748 

9 

2  425 

2.014 

1.760 

2.473 

2  060. 

1.809 

10 

2  481 

2.074 

1.823 

2  523 

2  114 

1.865 

11 

2  531 

2  J  28 

1  880 

2.569 

2.164 

1.916 

12 

2.577 

2.177 

1.9:!1 

2.611 

2  210 

1.964 

13 

2.618 

2.222 

1  978 

2.650 

2.253 

2  008 

14 

2  657 

2.264 

2.022 

2  686 

2  292 

2049 

15 

2.693 

2.303 

2.062 

2  719 

2.328 

2.087 

16 

2.726 

2.339 

2.099 

2.751 

2.362 

2.128 

17 

2.757 

2.372 

2.134 

2.780 

2.395 

2  156 

18 

2.786 

2  41)4 

2  167 

2  808 

2  425 

2.188 

19 

2.814 

2  433 

2  198 

2.834 

2  454 

2.217 

20 

2.840 

2  461 

2.228 

2.859 

2  481 

2  246 

21 

2.864 

2.489 

2.255 

2.883 

2  507 

2  273 

22 

2.887 

2.514 

2282 

2  905 

2.531 

2.298 

23 

2.910 

2  538 

2.3117 

2.927 

2.554 

2.323 

24 

2  931 

2  561 

2  381 

2  947 

2  577 

2.346 

25 

2.951 

2.583 

2  354 

2  967 

2.598 

2  369 

26 

2.971 

2.604 

2  376 

2.980 

2.618 

2.390 

27 

2.990 

2.624 

2  397 

3  003 

2.638 

2.411 

28 

3  007 

2.644 

2418 

3.021 

2.657 

2.430 

29 

3  024 

2  663 

2437 

3.(t37 

2.675 

2  449 

30 

3.041 

2.681 

2.456 

3.053 

2.693 

2.468 

31 

3.057 

2.698 

2  474 

3.069 

2.710 

2.486 

32 

3.072 

2  715 

2.492 

3.084 

2.726 

2  503 

33 

3  087 

2.731 

2.508 

3.098 

2.742 

2.519 

34 

3  101 

2,747 

2.525  ! 

3.112 

2  757 

2.535 

35 

3  115 

2.762 

2  541 

3.126 

2  772 

2.551 

36 

3.128 

2.776 

2.556 

3  139 

2.787 

2.566 

37 

3  142 

2.790 

2  571 

3.151 

2  801 

2.581 

38 

3.154 

2.804 

2.586 

3  164 

2  814 

2.595 

39 

3.166 

2.818 

2  600 

3  176 

2.827 

2.609 

40 

3.178 

2.831 

2.613  ! 

3.188 

2.840 

2.622 

41 

3.190 

2.844 

2.627  j 

3.199 

2.852 

2.635 

42 

3.201 

2.856 

2.640 

3.210 

2.865 

2.648 

43 

3.212 

2  868 

2  652 

3  221 

2.876 

2  661 

44 

3.223 

2  880 

2  665  i 

3.231 

2.888 

2.673 

45 

3.233 

2.891 

2.677 

3  241 

2  899 

2.685 

46 

3.243 

2  902 

2  688  i 

3  251 

2910 

2  696 

47 

3.254 

2  913 

2.700 

3  261 

2.921 

2.707 

48 

3  264 

2.924 

2.711 

3.271 

2.931 

2.718 

49 

3.273 

2.934 

2.722 

3.280 

2  941 

2.729 

50 

3.282 

2.914 

2  732 

3  289 

2.951 

2.740 

51 

3.291 

2  954 

2.743  i 

3  2<>8 

2961 

2.750 

52 

3.300 

2.964 

2.753 

3  307 

2.970 

2.760 

53 

3.309 

2.973 

2  763 

3.315 

2.980 

2.770 

54 

3.317 

2  983 

2.773 

3  824 

2  989 

2.779 

65 

3.326 

2  992 

2.782  [ 

3  382 

2.998 

2  789 

56 

3.334 

3.001 

2.792  i 

3.340 

3.007 

2.798 

57 

3  342 

3  009 

2.801  i 

3.348 

3.016 

2.808 

58 

3.350 

3  018 

2.810  ' 

3.356 

3.024 

2  816 

69 

3  358 

3.027 

2  819 

3.363 

3  033 

2.825 

60 

3  365 

3.035 

2  828 

3.371 

3.040 

2.834 
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I  have  also  computed  a  second  more  condensed  table  for  one  un- 
known quantity,  the  rejection  of  one  observation,  and  with  one  deci- 
mal only. 

Table   II. 


m 

K 

m 

K 

5 

2  1 

17 

2.8 

6 

.2.2 

21 

29 

7 

2.3 

25 

30 

8 

24 

31 

3.1 

10 

25 

38 

32 

12 

2  6 

47 

3.3 

14 

2.7 

58- 

34 

Professor  Merriman  gives,  for  the  purpose  of  illustrating  the 
method  of  determining  the  probable  error,  an  example  of  twenty- 
four  measurements  of  an  angle,  made  at  a  United  States  Coast 
Survey  Station. 

A  comparison  of  the  results  obtained  by  the  application  of  the  two 
formulas  to  these  observations  is  shown  by  the  following  diagram : 


.5,19  — 
4,67  — 
4,58 
3,76  — 


—  Maximum  error. 

—  Limiting  error  by  Table  I. 

Limiting  error  by  Gould's  table. 

—  Next  largest  error. 


Each  formula  rejects  one  and  only  one  observation.  And  the 
result  would  be  the  same  if  the  values  for  the  limiting  error  obtained 
by  the  two  formulas  had  differed  much  more  widely. 

The  important  point  is,  not  so  much  that  the  interval  betw^een  the 
limiting  errors  obtained  by  the  two  tables  is  small,  as  that  the  in- 
tervals between  each  and  the  adjacent  errors  are  relatively  large. 

The  facility  with  which  the  rule  may  be  applied  renders  these 
tables  useful,  even  where  great  accuracy  is  not  required,  by  furnish- 
ing a  ready  and  simple  check  upon  the  judgment  as  to  the  trust- 
worthiness of  observations,  measurements,  determinations  in  the 
laboratory,  etc. 

2.  The  Table  is  Defective. — That  is,  there  is  an  observation  want- 
ing ;  or  one  has  been  rejected. 
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The  conditions  laid  down  in  seeking  a  formula  for  replacing  such 
missing  observations  are  that  it  shall  be 

1.  Simple,  and  expressed  in  ordinary  algebraic  language  ; 

2.  A  function  of  consecutive  observations  only; 

3.  Rigidly  accurate  within  certain  assumed  limits; 

4.  Such  that  the  error  introduced  by  accidental  errors  in  the  ob- 
servations shall  be,  as  far  as  practicable,  a  minimum. 

The  ordinary  formula  for  interpolation  evidently  contains  the 
solution.  But  in  this  case  the  interpolation  is  between  consecutive 
terms,  while  in  the  case  assumed  it  is  between  terms  not  consecutive. 

This  formula  as  given  in  Hackley's  algebra  is: 


n(n  —  1)          7i(n — 1)  (n  —  2) 
2/=/+ncr,  +  — f7^— '^2  + 17^73 'c;3  +  etc.  .(6) 


in  which 


2/  =  the  interpolatpd  term, 
/=  the  first  term, 

71  =  the  number  of  the  consecutive  term  after  the  first, 
^n  ^2,  ^i  =  the  first  terms  of  the  successive  orders  of  difforences. 

Professor  Hackley  gives,  as  an  example,  the  computation  of  the 
moon's  latitude,  in  which  the  first  three  terms  are  used,  and  says 
that  second  differences  will  ordinarily  insure  sufficient  accuracy. 

Although  for  such  applications  as  I  have  in  view,  I  would  evi- 
dently be  justified  in  omitting  terms  involving  a  higher  order  of  dif- 
ferences than  the  second,  I  have,  for  reasons  which  will  be  obvious, 
retained  the  third  order  of  differences. 

Putting 

n^,  n^,  n^,  n^,  n^,  n^-,  n^  =  the  observations, 

y  =  ^2» 
^1  =  the  diiference  between  n^  and  rig, 

(so  that  in  equation  [Q)  n  =.  ^  if  a  value  for  n.^  be  wanted),  and 
developing  ^2  ^^^^  ^z  i^i  terms  of  the  observations,  we  have 

<^l  =  '^3  — "p 

J3  =  n^  —  n.^  —  (W5  —  W3)  —  y\  —  nz  —  {m  —  m)  I . 
Substituting  these  values  in  equation  (6)  we  get 

'  To  ^^' 

which  is  an  equation  embracing  seven  and  involving  five  observa- 
tions, n^  and  rig  being  omitted. 
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Since  Hq  is   evidently  symmetrical  with  n.^,  the  equation   for  the 
vahie  of  Hq  will  be, 


"i  —  5  77^  +  1  o  ,,.  4-  5  ru 


'  lU 


(8). 


Combining  equations  (7)  and  (8),  we  get 


which  is  an  equation  embracing  six  and  involving  five  observations, 
n^  being  omitted. 

Since  n^  is  now  symmetrical  witli  n^, 


ow.,— 27>,  4-  ]0}).^—Hv^ 


10 
Combining  (9)  and  (10),  we  get 


(10). 


6 

which  is  an  equation  that  evidently  fulfils  tlie  first  two  conditions 
and  is  accurate  for  tables  for  which  the  third  order  of  differences 
is  constant. 

For  example,  if  we  substitute  for  ?i,,  n.^,  n^,  n.,  the  cubes  of  1,  2,  4, 
and  5,  then,  by  equation  (11),  the  cube  of  3,  n.^,  =  27. 

The  equation  also  nearly  fulfils  the  last  condition  above  referred 
to.  The  error  introduced  by  extraordinary  errors  in  the  observa- 
tions will  be  least  when  the  probable  error  of  the  average  of  the  co- 
efficients is  a  minimum.  The  mode  of  derivation  of  equation  (11) 
gives  rise  to  a  number  of  incidental  equations,  involving  different 
combinations  of  the  observations,  with  different  coefficients.  The 
probable  error  of  the  average  of  the  coefficients  of  equation  (11)  is 
not  the  least,  but  it  is  low;  and,  taking  the  other  conditions  into 
consideration,  equation  (11)  is  probably  the  best  of  the  series. 

3.  The  Table  is  Tncomplete. — That  is  to  say,  it  is  not  as  full,  not  as 
long,  as  we  would  like  to  have  it. 

Transposing  equation  (11)  we  have 

»?.  =  4(?72-f  7^4)  — (6n3  +  Wi)     .     .     .      (12). 

By  this  equation  one,  and,  in  some  instances,  more  than  one,  ob- 
servation may  be  added  at  each  end. 

In  equation  (12),  transposed  so  as  to  read  n^  —  ^n^-i-^n^  — 
4n^-\-  n^  =  0,  the  coefficients  are  the  coefficients  of  the  develop- 
ment of  the  binomial  [x  —  y)*.     And  the  coefficients  of  the  develop- 
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nicnt  of  any  binomial  (.i*  —  yY  may  be  substituted  for  it;  that  is  to 
say,  a  new  equation  involving  ^^  +  1  terms  with  the  coefficients  of 
the  development  of  (x*  —  yY  may  be  employed,  though  for  the  pur- 
pose for  which  it  is  intended  equation  (12)  is  probably  the  best. 
Thus  from  the  development  of  (.t* — yY  we  have 

7ii  —  5/?.,  J-  J^^'s  —  10;?^  4-  o??5  —  ?i^  =  0. 

4.  TJic  Table  is  JRough. — That  is,  the  probable  error  is  large,  or,  in 
other  words,  the  observations,  generally,  depart  considerably  from 
the  mean. 

Professor  Airv  has  <2;iven  a  useful  formula  bv  which  a  table  mav 
be  substituted  for  the  original  table,  for  which  the  probable  error  is 
less.  Bv  it,  a  new  observation  is  calculated  for  each  orii>:inal  ob- 
servation  by  the  following  formula,  putting  the  derived  observation 
which  is  to  be  substituted  for  n^  =  n^, 

„    _  "i  -r  6  ''-2  +•  1^  "3  4-  20  «4  -r  !•>  "s  "T  6  w^  -|-  w^  .-,  .,^ 

^  -  —  ^.j  ^'^)- 

The  coefficients  of  the  second  member  of  equation  (13)  are  the 
coefficients  of  the  development  of  the   binomial  (  '   .^  M  ;  and,  as 

above,  the  coefficients  of  the  development  of  any  binomial  (  — o~) 

may  be  substituted  for  it. 

Thus,  where  n^  is  the  new  value  to  be  put  in  place  of  ??3, 

;?1  +  -1  '^  -h  6  7^3  -t-  4  71^  -j-  »5 


2o 
7 


1(5 


(14). 


is  a  formula,  somewhat  easier  of  application  than  equation  (13),  and 
one  that  gives  results  which  are  nearly  as  good,  although  the  probable 
error  of  the  average  of  the  coefficients  is  one  third  greater.  Thus, 
by  comparing  the  results  obtained  by  formulas  (13)  and  (14), 
when  applied  to  a  table  of  thirty  observations  of  barometric  means 
at  Philadelphia,  given  by  Professor  Chase,  it  was  found  that  the 
probable  error  of  the  table  calculated  by  equation  (14)  is  1.013  times 
the  probable  error  of  the  table  calculated  by  equation  (13),  a  dit!er- 
ence,  in  this  instance,  quite  unimportant.  By  substituting  for  equa- 
tions (11),  (12),  and  (13),  equations  in  which  the  coefficients  are  those 
of  the  development  of  a  binomial  with  a  lower  or  higher  exponent, 
the  resulting  equations  mav  not  only  be  made  a  fraction  of  as  many 
observations  as  may  be  desired,  but  they  may  be  also  made  accurate 
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for  a  series  of  observations  for  which  any  given  order  of  differences  is 
constant. 

5.  The  Table  is  irregular ;  that  is,  the  intervals  between  the 
observations  are  not  constant. 

In  the  Principia  (Book  III.,  Lemma  5)  Newton  gives  a  problem 
for  finding  "a  curve  line  of  the  parabolic  kind,  which  shall  pass 
through  any  given  number  of  points,'^  which  contains  the  solution 
of  the  question.  It  is  not  easy  to  simplify  Newton's  statement;  and 
I  have  retained,  as  nearly  as  possible,  the  form  of  his  equations, 
making  such  modifications  as  are  required  to  meet  the  case  in  point. 

1.  Newton  gives  the  precaution  to  "observe  well  the  signs."  To 
eliminate  this  source  of  error  somewhat,  the  observations  are  re- 
garded as  all  positive,  which  for  this  purpose  may  always  be  done 
by  changing  the  base. 

2.  The  number  of  observations  is  limited  to  four,  which  is  a 
sufficient  number  for  a  table  in  which  the  third  order  of  diflPerences 
is  constant. 

3.  The  interpolated  observation  is  made  a  function  of  the  average 
interval  desired. 

Put  Wj,  ^2,  W3,  ^4  =  the  observations, 

ttj,  ttgj  ^3  =  intervals  between  observations, 
Uq  =  average  interval  desired, 

rij^^Jh  ^  6j (15) 


o 


^2  —  'h  ^b^ (16) 

^3  —"4   ^  &3 (17) 


a 


^  — ^2    _ct (18) 

1  ^  "2 
K—h  _c, (19) 

«2  +  «3 

<^1  — ^2  =.d (20) 

ffl+«2  +  «3 

"©(^'o  — «i)=$' (^^) 

9(S-K  +  «2))=^ (2-') 

Then  will  ??x  =  ^1  —  "0^1  +  ^1  9  —  ^^» (*^^) 

Where  n^  is  the  term  distant  from  the  beginning  of  the  series  of 
four  observations  by  the  interval  ^o- 

Example :  Suppose  we  take  from  a  table  of  cubes  the  four  terms 
n^  =  1,  ^2  =  8,  rig  =  64,  n^  =  343,  and  wish  to  find  the  value  of  the 
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term  at  a  distance  a^  from  the  beginning  of  the  series,  for  this 
special  case  where  a^  =  1,  a.^  =  2,  a^  =  3,  and  a^  =  2 ;  then  n^  by  the 
above  formulas  =  27,  as  it  should. 

6.   The  law  of  its  structure  is  unknown. 

Professor  Merriman  has  given  a  number  of  examples  under  this 
head. 

The  work  of  obtaining  an  expression  for  the  law  is  partly  em- 
pirical and  partly  analytical,  and  always  laborious;  empirical,  be- 
cause the  form  of  the  expression,  being  unknown,  must  be  assumed. 
In  general  this  is  the  most  difficult  part  of  the  work.  But  since 
the  majority  of  the  questions  which  an  engineer  is  called  upon  to 
discuss  belong  to  one  class  of  relations,  and  may  in  general  be  re- 
duced to  the  expression  for  a  conic  section,  the  form  of  the  equation 
will  not  be  difficult  to  find,  and  the  analytical  part  of  the  work 
for  particular  forms  may  be  done  once  for  all.  What  I  hav^e  to  offer 
under  this  head  is  simply  an  arrangement,  with  an  illustration.  Some- 
-*  thing  like  it  is  suggested  by  Gauss's  method  for  the  adjustment  of 
equations,  and  by  Kohlrausch. 

Table  III. 


1 
y 

2 

X 

Foo 

3 

tin 
A 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

,  .  .  n 

gs. 

X* 

xy 

x"!/ 

ii'gy 

a;  log  y 

<f>  (a;,  y) 

4>  i^,  y) 

B 

C 

D 

E 

F 

G 

I 

J 

K 

L 

Hypothetical  Equations. 

Y  =  aX  -t-  6X2 

Y  =  a* 


Table  IV. 


Final  Equations,  Functions  of  A.  B,  C,  etc. 
(CD  —  BE)  X  +  (AE  —  BD)  X» 


Y  = 


AC  — B2 
Y  =  .og-.| 


In  Table  III  are  put  in  column  1  the  observations  y,  in  column  2 
the  observations  x,  and  in  columns  Z  to  n  various  functions  of  x,  y, 
and  (x,  y). 
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Calling  the  footings  of  these  columns  A,  B,  C,  etc.,  in  Table  IV 
are  put  in  column  1  the  assumed  equations,  and  in  column  2  the 
equations,  functions  of  A,  B,  C,  etc.,  which  will  give  the  empirical 
formula  directly. 

.  The  footings  A,  B,  C,  etc.,  will  enter  as  factors  in  more  than  one 
equation  in  column  2,  Table  IV,  so  that,  if  an  hypothesis  fail,  some 
of  the  work  need  not  be  repeated. 

RECAPITULATION. 

1.  By  the  repeated  application  of  equations  (15)  to  (23)  a  table 
of  observations,  in  which  the  intervals  are  constant,  may  be  substi- 
tuted for  one  in  which  they  are  not  constant. 

2.  By  Tables  I  or  II  an  abnormal  observation   may  be  rejected. 

3.  By  formulas  (11)  or  (12)  the  rejected  observation  may  be  re- 
placed by  one  which  is  a  function  of  four  consecutive  adjacent 
observations. 

.     4.  By  formula  (12)  the  table  may  be  extended. 

5.  By  formulas  (13)  or  (14)  a  table  may  be  substituted  for  the 
given  table  in  which  the  probable  error  is  less;  that  is,  the  curve 
which  gives  the  graphic  representation  of  the  observations  may  be 
smoothed. 

After  the  application  of  this  formula,  formula  (12),  for  extending 
the  table,  may  be  used  with  much  confidence. 

6.  By  substituting  for  formulas  (H),  (12),  and  (14),  formulas  in 
which  the  coefficients  are  the  coefficients  of  some  other  binomial 
development,  with  the  proper  signs  and  divisors,  the  derived  obser- 
vation may  be  made  a  function  of  as  many  observations  as  may  be 
desired,  and  true  for  a  series  for  which  any  given  order  of  differ- 
ences is  constant. 

7.  Tables  III  and  IV  may  be  made  to  contain  all  the  data  (given 
and  derived)  and  formulas  for  obtaining  the  empirical  formula  for 
a  set  of  observations  directly. 
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SUPPLEMENT  IT.  TO    A    CATALOGUE    OF    OFFICIAL    RE- 
PORTS   UPON   GEOLOGICAL    SURVEYS   OF   TEE 
UNITED  STATES  AND   TERRITORIES,  AND 
OF  BRITISH  NORTH  AMERICA. 

BY    FREDERICK   PRIME,    JR.,    PH.D. 

In  this  second  supplementary  list  no  titles  to  which  an  *  is  pre- 
fixed have  been  seen  by  the  compiler;  and  he  will  be  most  thankful 
to  have  any  omissions  or  inaccuracies  in  the  list  sent  to  him  to  be 
published  as  a  third  supplement  in  the  next  volume  of  the  Trans- 
actions. The  author  is  indebted  to  Prof.  J.  J.  Stevenson,  of  New 
York,  Prof.  P.  R.  Uhler  and  John  W.  M.  Lee,  Esq.,  of  Balti- 
more, and  Lloyd  P.  Smith,  Esq.,  of  Philadelphia,  for  valuable 
assistance. 

Office,  Allentown  Iron  Company, 

230  yo.UTii  Third  Street,  Philadelphia, 
September  5th,  188L 

Alabama. 

Geological  Survey  of  Alabama.  Report  of  Progress  for  1879  and 
1880,  by  Eugene  A.  Smith,  State  Geologist.  Montgomery,  1881. 
8vo.,  158  pp.,  and  2  maps. 

California. 

Omit  Report  of  Hon.  T.  Butler  King,  in  Supplement  I. 

For  Trask^s  Geology  and  Industrial  Resources,  etc.,  in  Supplement 

L,  read  Tyson's,  etc. 
Fremont's    Memoir    on    Upper   California,    is   also    published   as 

XXXth  Congress,  1st  Session.     Senate  Mis.   Doc,  No  148,  and 

has  a  map. 
For  Randall's  Report  in  Supplement  I,  read  Report  of  the   Special 

Committee  in  favor  of  a  Geological  Survey,  submitted  by  Mr. 

Randall,  April  24th,  1851.    n.d.,  1851.     8vo.,  19  pp. 
XXX  1st  Congress,  1st  Session,  Sen.  Ex.  Doc,  No.  47,  Part  2  [Part  1 

is  Tyson's  Report.]     Report  of  the  Secretary  of  War  in  further 

compliance  with  the  Resolution  of  the  Senate,  calling  for  Copies  of 
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Reports  on  the  Geology  and  Topography  of  California.    Washing- 
ton, 1850.     8vo.,  32  pp.     [Derby  and  Williamson.] 
Geological  Survey  of  California ;    J.  D.  Whitney,  State  Geologist. 
Botany,  Vol.  II ;  by  Sereno  Watson.     Cambridge,  1880.     Roy. 
8vo.,  XV  and  559  pp. 

Canada. 

Geological  Survey  of  Canada  ;  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  for  1878-79.  Montreal,  1880.  8vo.,  x,  14, 
239,  72,  iv,  26,  25  pp.,  29  plates,  and  5  maps. 

Florida. 

Omit  the  pamphlet  in  Supplement  I. 

XXXth  Congress,  1st  Session.  Senate,  Rep.  Com.,  No.  242.  Report 
of  Committee  on  Draining  the  Everglades  of  Florida.  Washing- 
ton, 1848.     8vo.,  131  pp. 

Indiana. 

State  of  Indiana.  Second  Annual  Report  of  the  Department  of 
Statistics  and  Geology,  1880.  To  the  Governor.  Indianapolis, 
1880.     8vo.,  544  pp.,  4  maps,  and  11  plates.     [John  Collett.] 

Iowa,  Wisconsin,  and  Illinois. 

Another  editiori  of  the  report  referred  to  in  the  Catalogue  contains 

161  pp. 

Maryland. 

Insert  the  following  list  of  official  publications  of  the  Geology  of 

Maryland  in  place  of  that  given  in  the  catalogue  : 

XXIIld  Congress,  1st  Session.  H.  of  R.,  Report  Xo.  414  ;  by  Hon. 
Charles  Fenton  Mercer,  on  Chesapeake  and  Ohio  Canal,  and  Balti- 
more and  Ohio  Railroad  Companies.  Washington,  1834.  8vo., 
378  pp.,  and  plate. 

*Report  of  Hon.  William  Cost  Johnson.  H.  of  R.,  Doc.  No.  168. 
Washington,  1836. 

Md.  House  of  Delegates.  Sess.  Dec,  1832.  Report  of  the  Select 
Committee  relative  to  the  Expediency  of  procuring  a  Map  of  the 
State.  L.  W.  Jenkins,  Chairman,  Annapolis.  1833.  8vo., 
10  pp. 

Md.  Sess.  Dec,  1833.  Report  on  the  projected  Survey  of  the  State 
of  Maryland,  pursuant  to  a  Resolution  of  the  General  Assembly. 
Annapolis,  1834.  8vo.,  39  pp.  and  map.  J.  T.  Ducatel  and 
J.  H.  Alexander.] 
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[Another  edition.     Annapolis,  1834.     8vo.,  58  pp.  and  map.] 

[Another  edition.  Annapolis,  1834.  8vo.,  43  pp.,  and  folded 
table.] 

Md.  Honse  of  Delegates,  Sess.  Dec,  1833.  William  D.  Merrick, 
Chairman.  Keport  of  the  Committee  on  Internal  Improvement 
[sic].  Relative  to  a  Map  and  Survey  of  the  State  of  Maryland. 
Annapolis,  1834.     8vo.,  6  pp. 

Report  on  the  New  Map  of  Maryland,  1834.  n.  d.  8vo.,  59, 1  pp., 
2  maps,  and  1  folded  table.  [J.  T.  Ducatel  and  J.  H.  Alex- 
ander.] 

[Part  of  above  issued  separately.  Engineer's  Report  [for  1834]. 
8vo.,  12  pp.] 

[Part  of  above  issued  separately.  Report  [of  the  Geologist  for  1 834]. 
8vo.,  pp.  13-59,  2  maps  and  folded  table.] 

[Another  edition.  Report  of  the  Geologist  to  the  Legislature  of 
Maryland,  1834.  n.  d.  8vo.,  50,  1  pp.,  2  maps  and  folded 
table.] 

Report  of  the  New  Map  of  Maryland,  1834.    n.  d.     8vo.,  15  pp. 

Md.  Sess.  Dec,  1835.  Report  of  the  Engineer  and  Geologist  in 
relation  to  the  New  Map,  to  the  Executive  of  Maryland.  An- 
napolis, 1836.  8vo.,  84,  1  pp.,  6  maps,  and  plate.  [J.  T.  Ducatel 
and  J.  H.  Alexander.] 

[Separately  printed,  as  parts  of  the  above:  Report  on  the  New  Map 
of  Maryland,  1835.  8vo.,  34  pp.,  6  maps.  Also,  Report  of  the 
Geologist,     n.  d.    8vo.,  35-84  pp.,  plate.] 

[Another  edition.       96,  1  pp.,  and  maps,  and  plate.] 

Md.  Sess.  Dec,  1836.  Report  on  the  New  Map  of  Maryland, 
1836.  n.d.  8vo.,  117  pp.,  and  6  maps.  [J-.  H.  Alexander  and  J. 
T.  Ducatel.] 

[Another  edition.     8vo.,  104  pp.,  and  5  maps.] 

[Part  of  the  above  in:  Communication  from  John  H.  Alexander,  Esq., 
Topographical  Engineer,  to  the  Governor  of  Maryland.  Annap- 
olis, 1838.     8vo.,  15  pp.] 

Md.  Sess.  Dec,  1837.  Document  [R.].  Mr.  Kerr,  Chairman. 
Report  of  the  Select  Committee  appointed  to  inquire  into  the  Ex- 
pediency of  Repealing  the  Act  to  provide  for  completing  a  New 
Map,  and  Geological  Survey  of  this  State,     n.  d.     8vo.,  8pp. 

[Another  edition.     8vo.,  4  pp.] 

Communication  from  the  Topographical  Engineer.  [John  H.  Alex- 
ander.]    8vo.,  4  pp.   n.  d.    [1838.] 

Report  of  the  Treasurer  of  the  Western  Shore  to  the  House  of  Dele- 
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gates  respecting  the  Expenses  incurred  in  makingthe  Geographical 
and  Geological  Survey  of  the  Shite,    n.  d.  8vo.,  3pp.  [1838.] 

Annual  Report  of  the  Geologist  of  Maryland,  1837,  n.  d.  8vo.,  39, 
1  pp.  and  2  maps.     [J.  T.  Ducatel.] 

Md.  Sess.  Dec,  1838.  Report  of  the  Treasurer  of  the  Western 
Shore  to  the  House  of  Delegates  of  Maryland.  In  obedience  to 
their  order  of  the  28th  ultimo,  stating  the  Expenses  incurred  in 
making  the  Geographical  and  Geological  Surveys  of  the  State, 
n.  d.     8vo.,  2  pp.'     [1839.] 

Document  L.  Mr.  Wharton.  Report  of  the  Select  Committee 
appointed  by  the  House  of  Delegates  to  Report  a  Bill  to  Abolish 
the  Office  of  State  Geologist,     n.  d.  8vo.,  3  pp.     [1839.] 

Annual  Report  of  the  Geologist  of  Maryland,  1838.  n.  d.  8vo., 
33,  1  pp.  and  4  plates.     [J.  T.  Ducatel.] 

Md.  Sess.  Dec,  1839.  Annual  Report  of  the  Geologist  of  Mary- 
land, 1839.  n.  d.  8vo.,  45,  1  pp.  and  2  maps.  [J.  T.  Ducatel.] 
[1840.] 

Md.  Sess.  Dec,  1840.  Trigonometrical  Survey  for  the  New  Map  of 
Maryland,  1841.  n.  d.  8vo.,  8  pp.  [Dated  Feb.  2d,  1841.  J. 
H.  Alexander.] 

Md.  Sess.  Dec,  1840.  Trigonometrical  Survey  for  the  New  Map 
of  Maryland,  1841.  n.  d.  8vo.,  4  pp.  [Dated  Feb.  19th,  1841. 
J.  H.  Alexander.] 

Md.  Sess.  Dec,  1840.  Annual  Report  of  the  Geologist  of  Mary- 
land, 1840.     n.  d.  8vo.,  43  pp.  and  3  plates.     [J.  T.  Ducatel.] 

[Another  edition.     8vo.,  59  pp.  and  3  ])lates.] 

[Another  edition.     8vo.,  46  pp.  and  3  plates.] 

Md.  Sess.  Dec,  1841.  Report  of  the  Topographical  Engineer  to 
the  Governor  of  Maryland,  n.  d.  8vo.,  5  pp.  [J.  H.  Alexander, 
1842.] 

Md.  Sess.  Dec,  1843.  Report  of  the  Committee  on  Agriculture 
relative  to  the  Application  of  Lime  to  the  different  Qualities  of 
Soil  and  the  use  of  calcareous  Matter  for  agricultural  Purposes. 
In  obedience  to  an  order  of  the  House  of  27th  of  January.  An- 
napolis, 1844.     8vo.,  15  pp. 

Md.  Sess.  Dec,  1846.  Document  T.  Order  of  the  House.  Report 
of  the  Committee  on  Agriculture  in  Relation  to  the  appointment 
of  an  agricultural  Chemist,     n.  d.  8vo.,  8  })p. 

Md.  Sess.  Dec,  1849.  Report  of  the  Committee  on  Agriculture  in 
Pursuance  of  the  Order  of  the  Senate  of  20th  February,  n.  d. 
8vo.,  7  pp. 


A    CATALOGUE   OF    OFFICIAL    REPORTS,    ETC.  625 

Report  of  James  Iliggins,  State  Agricultural  Chemist,  to  the  House 
of  Delegates  of  Maryland,     n.  d.  [1850.]  8vo.,  92  pp. 

Md.  Sess.  Jan.,  1852.  The  Second  Report  of  James  liiggins.  State 
Agricultural  Chemist,  to  the  House  of  Delegates  of  Maryland. 
Annapolis,  1852.     8vo.,  126  pp. 

Md.  Sess.  Jan.,  1853.  The  Third  Report  of  James  Higgins,  State 
Agricultural  Chemist,  to  the  House  of  Delegates  of  Maryland. 
Baltimore,  1853.     8vo.,  160  pp. 

Md.  Sess.  Jan.,  1854.  The  Fourth  Annual  Report  of  James  Hig- 
gins, State  Agricultural  Chemist,  to  the  House  of  Delegates  of  the 
State  of  Maryland.     Baltimore,  1854.     8vo.,  92  pp. 

Md.  Sess.,  Jan.,  1856.  Fifth  Agricultural  Report  of  James  Hig- 
gins, State  Chemist,  to  the  House  of  Delegates  of  the  State  of 
Maryland.     Annapolis,  1856.     8vo.,  91,  1  pp. 

[Another  edition,  pp.  15-18  omitted.     8vo.,  90,  1  p{).] 

Md.  Sess.  Jan.,  1858.  J.  Higgins.  State  Chemist's  Report,  n.  d. 
[1858.]     8vo.,  96,  xxii  pp. 

[Another  edition  of  above  has  title;  Sixth  Agricultural  Report  of 
James  Higgins,  State  Chemist  to  the  House  of  Delegates  of  the 
State  of  Maryland.  Order  of  House  and  Senate.  Annapolis, 
1858.     8vo.,  96,  xxii  pp.] 

First  Report  of  Philip  T.  Tyson,  State  Agricultural  Chemist,  to  the 
House  of  Delegates  of  Maryland,  Jan.,  18G0.  Annapolis,  1860. 
8vo,  xi,  145,  20  pp.  and  2  maps. 

Report  of  the  State  Chemist,     n.  d.  [I860.]     8vo.,  4  pp. 

Second  Report  of  Philip  T.  Tyson,  State  Agricultural  Chemist,  to 
the  House  .of  Delegates  of  Maryland,  Jan.,  1862.  Annapolis, 
1862.     8vo.,  92  pp. 

Report  of  the  Select  Committee  appointed  to  prepare  a  Statement 
in  Relation  to  the  Resources  of  Maryland.  Annapolis,  1865. 
8vo.,  52  pp. 

Md.  Sess.  Jan.,  1866.  Report  of  William  R.  Cole,  Esq.,  Chief 
Clerk  of  House  of  Delegates,  in  Relation  to  the  Distribution  of 
the  Report  of  the  Select  Committee  on  the  Resources  of  Maryland. 
Annapolis,  1866.     8vo.,  16  pp. 

Report  of  Select  Committee  on  the  Resources  of  the  State.  An- 
napolis, 1866.     8vo.,  2  pp. 

Md.,  Jan.  Sess.   1867.      A   succinct  Exposition  of  the  Industrial 
Resources  and  A"i;ricultural  Advanta^res  of  the  State  of  Maryland. 
By  James  Higgins,  late  State  Agricultural  Chemist,  n.  d.    [1867.] 
8vo.,  109,  iii  pp. 
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Michigan. 

*  XXVIIIth  Congress,  2d  Session.  Senate  Ex.  Doc,  No.  117. 
Report  of  the  Secretary  of  War  communicating  Information  of 
Facilities  of  A p(3roach  to,  and  Intercourse  with,  the  mineral  Region 
of  Lake  Superior.  Washington,  1845.  8vo.,  9  pp.  [G.  N. 
Sanders.] 

In  place  of  Report  in  Supplement  I  read  :  XXIXth  Congress, 
Sp.  Session.  Senate  Ex.  Doc,  No.  175.  Report  of  the  Secretary 
of  War  communicating  a  Report  of  John  Stockton,  Superinten- 
dent of  the  Mineral  Lands  on  Lake  Superior.  Washington,  1845. 
8vo.,  22  pp.  and  map.  [John  Stockton,  J.  B.  Campbell,  G.  N. 
Sanders,  and  A.  B.  Gray.] 

In  Catalogue  in  place  of  A.  B.  Gray,  etc.,  read  :  XXIXth  Congress, 
1st.  Session.  H.  of  R.  Doc,  No.  211.  Mineral  Lands  of  Lake 
Superior.  Letter  from  the  Secretary  of  War  relative  to  the 
Mineral  Lands  on  Lake  Superior.  Washington,  184(j.  8vo., 
23  pp.  and  map.     [A.  B.  Gray.] 

XXIXth  Congress,  1st  Session.  Senate  Ex.  Doc,  No.  357.  Re- 
port of  the  Secretary  of  the  Treasury  communicating,  in  Compli- 
ance with  a  Resolution  of  the  Senate,  Information  relative  to  the 
Character  and  Condition  of  the  Mineral  Regions  in  the  Lake 
Superior  Country  in  the  State  of  Michigan  and  Territory  of  Wis- 
consin.    Washington,  1846.     8vo.,  29  pp.     [Bela  Hubbard.] 

XXXth  Congress,  1st  Session.  Senate  Ex.  Doc,  No.  2.  Report 
from  the  Acting  Secretary  of  the  Treasury,  communicating  the 
Annual  Report  of  the  Commissioner  of  the  General  Land  Office, 
Washington,  1847.  8vo.,  230  pp.  [Contains  C.  T.  Jackson's 
Report  of  Progress  of  the  Geological  Survey  of  the  Mineral 
Lands  of  the  United  States  to  Michigan  in  October  27th,  1847.] 

XXXth  Congress,  2d  Session.  Senate  Ex.  Doc,  No.  2.  Report 
from  the  Secretary  of  the  Treasury  communicating  the  Annual 
Report  of  the  Commissioner  of  the  General  Land  Office.  .Wash- 
ington, 1848.  8vo.,  191  pp.  [Contains  Reports  of  C.  T.  Jack- 
son, J.  D.  Whitney  and  J.  W.  Foster  on  the  Mineral  Lands  of 
the  United  States  in  Micliigan.] 

XXXIst  Congress,  2d  Sef^sion.  Senate  Ex.  Doc,  No.  2.  Re- 
port of  the  Secretary  of  the  Interior,  communicating  a  Report  of 
the  Commissioner  of  the  General  Land  Office,  exhibiting  the 
Operations  of  that  Branch  of  the  Public  Service  during  the  last 
Year.  Washington,  1851.  8vo.  [Contains  a  Report  on  Lake 
Superior  Mining  Region,  by  J.  W.  Foster  and  J.  D.  Whitney.] 
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*XXXIst  Congress,  —  Session.  H.  of  R.,  Ex.  Doc.,  No.  12, 
1848-49.  AYashington,  1849.  8vo.  [Contains  Report  of  Pro- 
gress of  Survey  of  Mineral  Lands  by  Charles  T.  Jackson,  pp. 
153-163;  also  additional  Report  of  same,  pp.  185-191.] 

Minnesota. 

In  first  title  of  Catalogue  insert  ^^  Senate  "   before  Ex.  Doc. ;  also 

add  "and  map.'' 
The  Geological  and   Natural  History   Survey  of  Minnesota.     The 

Eighth  Annual  Report  for  the  Year  1879.     St.  Paul,  1881.     8vo., 

183,  iv  pp.,  map  and  plate.     [N.  H.  WinchelL] 

New  Jersey. 

Geological   Survey   of  New   Jersey.     Annual   Report  of  the  State 
.    Geologist  for  the  Year  1880.     Trenton,  1880.     8vo.,  220  pp.,  and 
2  maps.     [Goo.  H.  Cook.] 

New  York. 

The  Annual  Report  for  1838  has  a  4to.  Atlas,  containing  10  plates 
of  scenery,  2  plates  of  sections,  3  maps,  and  table  of  minerals.  [The 
last  sometimes  bound  in  with  report.] 

Vol.  I  of  Zoology  is  sometimes  bound  so  as  to  contain  4to.,  188 
pp.,  and  2  plates.  [W.  H.  Seward.]  And  xiii,  and  146  pp., 
and  33  plates. 

*Vol.  IX.  Transactions  New  York  State  Agricultural  Society. 
Albany,  1850.  Contains  Survey  of  Washington  County  by  Dr. 
Fitch. 

*Vol.  XXII.  Transactions  New  York  State  Agricultural  Society. 
Albany,  18 — .  Contains  Survey  of  Orange  County  by  G.  Den- 
niston. 

State  of  New  York.  No.  53.  In  Assembly,  January  30th,  1855. 
Report  of  the  Commissioners  appointed  to  superintend  the  Com- 
pletion of  the  Publication  of  the  Natural  History  of  New  York. 
8vo.,  24  pp. 

State  of  New  York.  No.  211.  In  Assembly,  April  8th,  1856. 
Report  of  the  Select  Committee  on  the  Completion  of  the  Natu- 
ral History  of  the  State.     8vo.,  16  pp. 

State  of  New  York.  No.  79.  In  Assembly,  March  5th,  1879. 
Report  of  the  Committee  on  Public  Education  relative  to  the 
Geological  Survey   and  Natural  History  of  the  State.     8vo.,  16 

PP- 
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North  Carolina  and  Georgia, 

XXIst  Congress.  Second  Session.  H.  of  R.  Rept.  No.  82. 
Assay  Offices.  Gold  Districts  of  North  Carolina  and  Georgia. 
Washington,  1831.     8vo.,  29  pp. 

North  Carolina. 

*The  Minerals  and  Mineral  Resources  of  North  Carolina:  being 
Chapter  I  of  the  Second  Volume  of  the  Geology  of  North  Caro- 
lina.    Raleigh,  1881.     8vo.,  122  pp. 

Pennsylvania. 

Second  Geological  Survey  of  Pennsylvania  :  Report  of  Progress  in 
1877.  CCC.  The  Geology  of  Lancaster  County ;  by  Persifor 
Frazer,  Jr.  Harrisburg,  1880.  8vo.,  x  and  350  pp.,  10  plates,  and 
atlas  of  13  maps  and  sections. 

Second  Geological  Survey  of  Pennsylvania  :  Report  of  Progress, 
GG.  The  Geology  of  Lycoming  and  Sullivan  Counties.  1,  Field 
Notes  by  Andrew  Sherwood ;  2,  Coal  Basins  by  Franklin 
Piatt.     Harrisburg,  1880.     8vo.,  ix  and  268  pp.,  and  4  maps. 

Second  Geological  Survey  of  Pennsylvania  :  Report  of  Progress  in 
1876-79.  GGG.  The  Geology  of  Potter  County,  by  Andrew 
Sherwood.  Report  on  the  Coal-fields  by  Franklin  Piatt.  Har- 
risburg, 1880.  Svo.,  xvi  and  121  pp.,  2  maps,  and  plate  of  sec- 
tions. 

Second  Geological  Survey  of  Pennsylvania  :  Report  of  Progress, 
G4.  Part  I.  The  Geology  of  Clinton  County.  Part  II.  A  Spe- 
cial Study  of  the  Carboniferous  and  Devonian  Strata  along  the 
West  Branch  of  the  Susquehanna  River,  by  H.  Martyn  Chance. 
Included  in  this  Report  are  a  Description  of  the  Renovo  Coal- 
basin,  by  C.  A.  Ashburner  ;  Notes  on  the  Tangascootack  Coal- 
basin,  in  Centre  and  Clinton  counties,  by  Franklin  Piatt.  Har- 
risburg, 1880.     8vo.,  xiv  and  183  pp.,  and  3  maps. 

Second  Geological  Survey  of  Pennsylvania,  1879.  Report  of  Prog- 
ress in  Armstrong  County  ;  by  W.  G.  Piatt.  Harrisburg,  1880. 
8vo.,  Ixvii  and  338  pp.,  and  map. 

Second  Geological  Survey  of  Pennsylvania,  1875  to  1879.  The  Geol- 
ogy of  the  Oil  Regions  of  Warren,  Venango,  Clarion,  and  But- 
ler counties,  including  Surveys  of  the  Garland  and  Panama  Con- 
glomerates in  Warren  and  Crawford,  and  in  Chatauqua  Co., 
N.  Y.     Description  of  the  Oil-well   Rig  and  Tools,  and  a  Dis- 
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cussion  of  the  Pre-glacial  and  Post-glacial  Drainage  of  the  Lake 
Erie  Country  ;  by  John  F.  Carll.  Harrisburg,  1880.  8vo., 
xxiv  and  482  pp.,  2  plates,  and  atlas  of  22  maps  and  plates. 

Second  Geological  Survey  of  Pennsylvania,  1878-80.  Catalogue  of 
the  Geological  Museum  by  Charles  E.  Hall.  Part  II.  1,  Col- 
lections of  Kock  Specimens.  2,  Palseontological  Specimens.  Har- 
risburg,  1880.     8vo.,  viii  and  272  pp. 

Second  Geological  Survey  of  Pennsylvania.  Report  of  Progress, 
P.  Description  of  the  Coal  Flora  of  the  Carboniferous  Forma- 
tion of  Pennsylvania,  and   throughout  the  United  States.     Vol. 

1.  1,    Cellular  Cryptogamous   Plants    (Fungi,    Thalassophytes). 

2.  Vascular  Cryptogamous  Plants  (Calamarise,  Filicacese).  Vol. 
II.  1,  Lycopodiace?e;  2,  Sigillarise;  3,  Gymnosperms.  By  Leo 
Lesquereux.  Harrisburg,  1880.  8vo.,  xv,  354,  v,  355-694, 
Ixviii  pp.,  and  3  plates. 

Second   Geological   Survey  of  Pennsylvania  :    Report  of  Progress 

R.     The  Geology  of  McKean  County  and  its  Connection  with 

that  of  Cameron,  Elk,  and  Forest;    by  Charles  A.  Ashburner. 

Harrisburg,  1880.     8vo.,  xii  and  371  pp.,  8  plates  and  table,  and 

atlas  of  8  maps  and  sections. 
Second  Geological  Survey  of  Pennsylvania  :  Report  of  Progress  in 

1879.     VV.     The  Geology  of  Clarion  County;   by  H.  Martyn 

Chance.     Harrisburg,  1880.     8vo.,  xv  and  232  pp.,  4  plates  and 

3  maps. 
Second  Geological  Survey.     Report  of  the  Board  of  Commissioners. 

January,  1881.-    — ,  1881.     8vo.,  5  pp.  and  maps. 
Second    Geological   Survey  of  Pennsylvania  :  Report  of  Progress, 

1S79.     QQQQ.     The  Geology  of  Erie  and  Crawford  counties ; 

by  I.  C.  White.     Discovery  of  the  Pre-glacial  Outlet  of  Lake 

Erie;  by  J.  W.  Spencer.     Harrisburg,  1881.     8vo.,  xxi  and  406 

pp.,  and  4  maps. 
Second  Geological  Survey  of  Pennsylvania  :  Report  of  Progress,  T. 

The  Geology  of  Blair  County  ;  by  Franklin  Piatt.     Harrisburg, 

1881.     8vo.,  311  pp.,  and  atlas  of  17  sheets. 

Rocky  Mountain  Region. 

In  Supplement  I  strike  out  "  Erase  XXXIVth  Congress.  H.  of 
R.  Doc,  No.  129.     Washington,  1855.     43  pp.'' 

In  same.  Cross's  Report  of  Expedition  from  Fort  Leavenworth  to 
Fort  Vancouver,  is  said  to  contain  36  plates.  It  is  doubtful  if  they 
were  ever  printed. 
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Ill  same,  strike  out,  Tliaddeus  A.  Culbertson's  Journal,  as  it  is  not 
an  official  government  report. 

Vol.  III.  of  Powell's  Contributions  to  North  American  Ethnology 
contains  43  plates. 

Abert's  Report  of  New  Mexico,  1848,  132  pp.  Was  also  published 
as  XXXth  Congress,  1st  Session.    Senate  Ex.  Doc,  No.  23. 

XXXIst  Congress,  2d  Session.  Senate  Ex.  Doc,  No.  19.  Report 
of  the  Secretary  of  War  communicating,  in  answer  to  a  Resolution 
of  the  Senate,  the  Report  of  Lieut.  Whipple's  Expedition  from 
San  Diego  to  the  Colorado.     Washington,  1851.    Svo.,  28  pp. 

XXXI Vth  Congress,  1st  and  2d  Sessions.  Senate  Ex.  Doc,  No.  1, 
Pt.  2.  Contains  pp.  90-98,  Report  of  Capt.  A.  A.  Humphreys, 
U.  S.  A.,  upon  the  Progress  of  the. Pacific  Railroad  Explorations 
and  Surveys.     Washington,  1855.     8vo. 

*XXXVth  Congress,  1st  Session.  H.  of  R.  Ex.  Doc,  No.  124. 
Wagon  Road  from  Fort  Defiance  to  the  Colorado  River.  Letter 
from  the  Secretary  of  War  transmitting  the  Report  of  the  Super- 
intendent of  the  Wagon-road  from  Fort  Defiance  to  the  Colorado 
River.  Washington,  1858.  8vo.,  87  pp.,  and  map.  [Ed.  F. 
Bealc] 

XXXVIth  Congress,  1st  Session.  Senate  Ex.  Doc,  No.  2,  contains 
pp.  540-548.  Report  of  Capt.  A.  A.  Humphreys,  in  charge  of 
office  of  Explorations  and  Surveys  to  Nov.,  1859.  Washington, 
1859.  8vo.  [Contains  a  Report  of  Capt.  John  Pope's  on  Artesian 
Wells.] 

XLIId  Congress,  2d  Session.  Senate  Ex.  Doc,  No.  6Q.  Letter 
from  the  Secretary  of  War  accompanying  an  Engineer  Report  of 
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THE  FORMATION  OF  GOLD  NUGGETS  AND  PLACER 

DEPOSITS. 


BY    T.    EGLESTON,    PH.D.,    SCHOOL    OF    MINES,    NEW   YORK    CITY. 

The  origin  of  gold  both  in  placer  deposits  and  in  veins,  and 
especially  the  origin  of  nnggets,  has  been  the  subject  of  repeated 
discussions  and  investigations,  which  have  been  recently  brought 
to  my  attention  by  several  extremely  interesting  sjiecimens  sent 
to  me  for  examination,  and  more  especially  by  the  one  exhibited 
at  the  meeting  of  the  Institute  in  February,  1880.*  In  the  year 
1874  I  made  some  examinations  of  the  hydraulic  mines  of  Califor- 
nia, and  was  very  much  struck  with  the  distribution  of  the  gold 
throughout  these  deep  placers,  which  were  almost  invariably  poor 
on  the  surface,  while  gradually  growing  richet*  towards  the  bed- 
rock. The  constant  presence  of  fossil  wood,  and  the  large  quantity 
of  organic  matter  contained  even  low  down  in  these  beds,  was  also 
remarkable.  Not  beino;  satisfied  with  the  various  theories  advanced 
to  account  for  the  formation  of  these  deposits,  I  began  an  investiga- 
tion early  in  the  year  1879  on  the  conditions  of  solubility  of  gold 
and  the  causes  of  the  loss  in  working  gold  ore  in  a  large  way.  The 
researches  w  hich  I  have  undertaken  show  that  gold  must  be  considered 
a  soluble  rather  than  an  insoluble  metal,  and  that  the  conditions  of 
solution  are  such  as  will  be  found  anywhere  where  gold  is  likely  to 
occur,  and  the  solution  may  take  place  even  under  the  ordinary  cir- 
cumstances of  surface  drainage,,  and  may  be  going  on  freely  even 
where  the  presence  of  gold  has  never  been  suspected,  and  that  there 
are  causes  enough  in  nature  to  produce  the  solution  of  the  gold  in 
sufficient  quantities  to  account  for  all  the  phenomena  of  both  the 
vein  and  placer  formations. 

The  general  theory  with  regard  to  the  formation  of  these  placer 
deposits  and  nuggets  has  been  that  they  were  the  result  of  the  de- 
struction of  pre-existing  vein-matter,  which  does  not  accord  with 
the  facts  as  shown  in  the  deep  placer  deposits.  The  gold  in  such 
case  would  be  distributed  in  layers  of  unequal  richness  throughout 


*  Transactions  of  the  American  Institute  of  Mining  Engineers,  vol.  8,  p.  451. 
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the  bed,  the  richness  depending  on  the  amount  of  deposition  taking 
place  at  any  one  time,  and  would  not  occur  in  increasing  richness 
from  the  top  to  the  bottom.  Further,  every  particle  of  gold  of 
whatever  size  would  have  a  rounded  form,  resulting  from  its  abra- 
sion against  the  harder  rocks,  which  is  not  the  case,  the  small  as 
well  as  the  large  grains  being  of  very  irregular  shape.  It  must  also 
be  borne  in  mind  that  most  of  the  veins  from  which  the  gold  is  sup- 
posed to  have  come  had  a  gangue  of  quartz.  The  gold  is  much  softer 
than  the  rock;  the  quantity  of  precious  metal  contained  in  the  vein 
would  also  be  very  much  less  than  the  rock,  so  that  in  the  destruc- 
tion of  the  formations  there  would  be  a  very  small  amount  of  gold 
being  abraded  and  ground  in  a  very  large  quantity  of  rock.  It  is 
therefore  likely  that  the  coarse  particles  of  gold,  which  is  so  much 
softer,  would  be  comminuted  at  least  as  fine  as  the  rock,  and  the 
smaller  ones  much  finer  than  the  rock,  so  that  the  difference  in 
density  would  hardly  tend  to  make  a  concentration  by  any  subse- 
quent action  of  wind  or  water,  since  the  small  particles  of  gold 
would  tend  to  float  away  and  thus  prevent  the  concentration. 
Where  the  large  particles  are  not  in  sufficient  quantity  to  make  an 
extended  natural  concentration  possible,  and  where  the  deposition  of 
the  sediment  of  the  rivers  is  taking  place,  the  result  would  be  a  very 
small  quantity  of  almost  impalpably  fine  gold,  distributed  uniformly 
in  a  very  large  amount  of  comminuted  rock,  or  a  production  of  clays 
resembling  that  used  to  make  brick  around  Philadelphia,  which  con- 
tains very  small  amounts  of  gold  uniformly  distributed  through  it. 
The  structure,  too,  of  each  one  of  these  particles  would  be  the  same 
as  that  of  the  rock  with  which  it  was  abraded,  and  would  be  uni- 
form. It  is,  however,  well  known  that  the  grains  of  gold  found  in 
the  placers  are  not  uniform  ;  some  of  them  are  flattened  with  rounded 
edges,  others  rounded,  and  most  are  mammillary,  all  of  which  forms 
are  not  probable,  and  hardly  possible,  under  the  conditions  suggested. 
A  nugget  rounded  like  a  w^ater-worn  pebble  is  a  great  exception  in 
any  of  the  placer  deposits. 

While  the  theory  of  vein  destruction  might  in  some  cases  account 
for  the  presence  of  gold  in  small  quantities  throughout  the  sands  in 
grains  large  enough  to  admit  of  concentration,  it  could  never  account 
for  the  presence  of  large  nuggets,  which  if  they  had  been  transported 
any  distance  by  water  would  have  lost  their  mammillary  form.  Ad- 
mitting the  greater  size  and  force  of  the  ancient  rivers,  it  is  im- 
possible to  conceive  that  such  large  and  irregularly  shaped  nuggets 
as  those  from  Australia,  Siberia,  and  from  this  country  could  ever 
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have  been  so  transported  by  water  as  to  be  entirely  relieved  of  all 
their  gangue,  withont  having  themselves  assumed  much  more  regular 
surfaces  and  a  more  uniformly  cobble-stone  shape.  On  the  other 
liand,  slow  accumulations  from  solutions  of  varvintr  strencrth  and  a 
deposition  of  unequal  raj)idity  continued  for  a  great  length  of  time, 
accounts  perfectly  both  for  the  form  and  for  all  the  attendant  phe- 
nomena. It  is  a  fact,  moreover,  that  very  large  masses  such  as  these 
nuggets  have  never  been  found  in  veins,  and  are  confined  exclusively 
to  placer  deposits.  The  detrital  theory  accounts  still  less  for  the  fact 
that  in  many  of  the  deposits,  especially  where  the  bed-rock  is  soft 
and  porous,  the  gold  often  enters  it  to  the  depth  of  nearly  a  foot,  and 
it  is  frequently  the  richest  part  of  the  deposit. 

In  1867  Mr.  Wilkinson,  of  Australia,  made  a  series  of  researches 
with  reference  to  the  eifect  of  organic  material  on  the  deposition  of 
gold.  Sonstadt^  also  made  a  series  of  researches  on  the  presence 
of  gold  in  sea-water,  and  found  it  to  be  present  in  the  ratio  of  about 
one  grain  to  the  ton  of  water,  or  about  $1  for  every  25  tons  of  water. 

Up  to  this  time  gold  had  always  been  considered  as  a  very  insol- 
uble substance,  because  it  was  insoluble  or  very  nearly  so  in  most 
mineral  acids.  Ingenious  metallurgical  processes  based  on  this  in- 
solubility have  been  invented,  and  are  still  in  constant  use;  but  it 
does  not  follow  that  because  gold  is  not  affected  by  the  ordinary  acids 
it  is  therefore  not  soluble  in  other  substances  much  more  likely  to  be 
found  in  nature.  The  action  of  oro^anic  acids  and  of  the  alkalies 
were  left  out  of  view,  and  also  the  fact  that  the  solution  of  infinitesi- 
mal quantities  may  acquire  great  significance  in  a  geological  sense. 

Bischoff  found  that  sulphide  of  gold  is  slightly  soluble  in  me- 
teoric waters,  and  much  more  soluble  in  a  saturated  solution  of 
sulphuretted  hydrogen  in  water.  It  has  also  been  ascertained  that 
chloride  of  gold  in  minute  quantity  in  an  alcoholic  solution  may 
remain  in  solution  in  the  presence  of  proto-salts  of  iron,  and  thj^t 
metallic  gold  is  slightly  soluble  in  solutions  of  the  per-salts  of  iron. 
But  the  theories  founded  on  these  discoveries  supposed  that  gold  was 
much  less  soluble  than  it  really  is,  and  that  the  solution  required 
peculiar  agencies  and  a  set  of  circumstances  not  likely  to  occur 
everywhere.  Its  diffusion  in  sea-water  was  accounted  for  by  the 
presence  of  chlorine,  iodine,  bromine,  and  of  alkalies,  and  these  con- 
ditions were  not  thought  to  be  of  general  application  in  the  expla- 
nation of  the  phenomena  exhibited  in  mineral  veins. 

*  Chem.  News,  vol.  xxvi,  p.  159  ;  Am.  Chemist,  vt.l.  iii,  p.  :20G. 
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Mr.  Sehvyn,  the  government  geologist  of  Victoria,  proposed  a 
theory  of  sohition  to  account  for  the  formation  of  nuggets  and 
})]acer  deposits,  suggesting  that  the  gold  was  dissolved  by  the  waters 
which  filtered  through  the  soil,  was  carried  in  solution  until  it  met 
some  nucleus  around  which  it  could  deposit,  and  was  then  precipi- 
tated, and  that  nuggets  and  placer  deposits  were  formed  in  this  way. 
He  does  not,  however,  state  what  he  supposed  the  cause  of  the  solu- 
tion to  be,  and  suggests  that  the  gold  is  undoubtedly  deposited  on 
particles  of  gold  previously  existing  in  the  sands. 

These  researches  and  theories,  however,  did  not  attract  very  much 
attention,  and  the  old  theory  of  the  destruction  of  pre-existing  veins 
was  still  adhered  to.  It  is  to  be  observed,  however,  that  when  gold 
does  come  from  the  destruction  of  veins  the  surfaces  are  rounded 
and  worn  smooth,  as  is  shown  in  the  large  boulder  of  quartz  con- 
taining gold  detached  from  a  vein  in  Venezuela,  which  is  now  in 
the  collection  of  the  School  of  Mines.  This  is  in  entire  contradic- 
tion to  the  mammillary  structure  of  the  nuggets.  If  they  had  been 
transported  far  by  water  they  would  have  been  rounded  and  w^ater- 
worn  to  much  more  regular  surfaces.  These  worn  surfaces  would 
of  course  have  been  confined  entirely  to  the  outside  of  the  nuggets, 
any  cavities  existing  in  the  interior  of  the  piece  would  have  been  in 
the  condition  in  which  they  left  the  vein,  and  the  edges  of  any 
crystals  found  there  would  have  been  sharp;  while  in  the  nuggets 
the  mammillary  form  exists  even  in  tlie  cavities  of  the  interior,  and 
even  where  crystals  or  tlie  commencement  of  crystallization  is  ob- 
served, the  edges  of  the  crystal  are  very  often  blunted  or  rounded, 
showing  both  deposition  and  solution  on  these  edges. 

It  is  also  to  be  noticed  that  the  analyses  of  nearly  all  the  samples 
of  gold  taken  from  veins  show  it  to  be  much  less  pure  than  the 
nuggets  found  in  the  placer  mines  of  the  same  district.  If  the  gold 
of  the  placers  had  come  from  eroded  rocks  it  would  be  of  the 
same  composition  as  that  of  the  veins  of  the  district  in  which  it 
was  found.  It  is  well  known  that  most  of  the  gold  nuggets  are  pure, 
while  the  gold  of  the  veins  is  of  a  much  lower  grade,  containing  con- 
siderable quantities  of  silver  and  other  foreign  metals.  Thus  the  Bal- 
larat  nuggets  are  992.5  fine,  the  Australian  nuggets  vary  from  960  to 
966  ;  those  from  veins  in  California  from  875  to  885;  in  Transylvania 
600  with  399  of  silver,  and  in  Nevada  there  are  some  of  554  of  gold 
and  429  of  silver,  and  others  only  333  of  gold  with  Q6Q  of  silver. 

It  must  be  remembered  also  that  the  violence  of  the  old  placer 
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currents  was  very  much  greater  than  that  of  the  ordinary  streams 
of  these  days.  The  rivers  were  not  only  larger  and  deeper,  but  more 
rapid,  and  the  results  of  their  action  would  have  been  an  almost 
complete  comminution  of  the  gold  by  its  rubbing  against  the  harder 
rocks.  If  this  were  the  whole  of  the  process  and  no  further  action  had 
taken  place,  the  gold  would  be  found  in  the  sands  in  this  commi- 
nuted condition  exclusively,  and  few  if  any  of  the  particles  would 
have  escaped  the  battering  and  pounding  process  incident  to  long 
exposure  to  rolling  rocks  ;  and  the  deposits  resulting  from  it  would 
be  found  on  the  bed  of  the  stream. 

Gold  is,  however,  also  found  as  nuggets,  and  in  small  particles  in 
rocks  which  have  never  been  disturbed  from  their  original  positions, 
but  which  have  been  decomposed  to  a  considerable  depth  ;  and  it  then 
has  the  same  rounded  form,  occupying  positions  which  make  it  evi- 
dent that  it  must  have  been  formed  in  situ,  and  never  have  under- 
gone any  abrasive  action.  The  nugget  found  in  1828,  in  Cabarrus 
County,  N.  C,  which  weighed  37  pounds,  and  also  the  one  found  in 
the  Valley  of  Taschku  Targanka,  near  Miask,  in  Siberia,  which 
weighed  96  pounds,  were  both  found  under  such  circumstances  in  a 
decomposed  dioritic  rock.  In  some  few  cases  it  has  been  definitely 
ascertained  that  the  gold  has  been  dissolved  and  precipitated  in  the 
decomposed  rocks,  for  it  has  penetrated  only  just  so  far  as  the  decom- 
position has  allowed  it,  the  yield  in  gold  ceasing  entirely  at  the  point 
where  the  rock  allowed  no  further  filtration  ;  while  in  other  rocks 
of  a  more  porous  nature  in  the  same  district  the  gold  has  penetrated 
to  a  depth  not  yet  ascertained.  Such  a  condition  of  things  is  not 
uncommon  in  the  gold  belts  of  the  Southern  States. 

Admitting  that  heavier  masses  of  gold  did  exist  in  the  veins  dis- 
integrated by  the  ancient  rivers,  gravity  alone  cannot  account  for  the 
bottom  deposits  (which  are  often  300  feet  from  the  surface)  being  the 
richest.  It  would  have  required  greater  agitation  of  the  earth  than  we 
have  any  evidence  for  believing  ever  took  place  to  sift  the  coarse 
particles  even  through  50  feet  depth  of  earth,  and  there  is  no  indica- 
tion that  these  deposits  after  they  were  once  made  were  ever  dis- 
turbed. It  is  undoubtedly  true  that  in  shallow  placers,  where  the  bed- 
rock comes  near  the  surface,  the  surface-soil  is  rich;  but  it  is  the  inva- 
riable rule  that  in  the  deep  placers  the  richest  deposits  are  near  the 
bed-rock,  and  at  a  great  distance  from  the  surface. 

There  is  a  tradition,  which  is  prevalent  in  all  the  gold  mines  of 
the  South,  and  ifi  those  of  some  other  districts,  to  the  effect  that  gold 
grows,  so  that  every  few  years  the  tails  of  the  old  mines  are  re- 
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worked,  generally  with  a  profit;  the  quantity  separated  each  time, 
according  to  the  local  tradition,  being  in  proportion  to  the  length  of 
time  the  material  has  remained  undisturbed.  As  there  is  no  oppor- 
tunity for  the  gold  in  these  sands  to  accumulate  by  gravity,  the 
people  of  the  region  believe  that  gold  grows  like  a  plant. 

It  would  not,  however,  be  rational  to  deny  a  theory  so  easily 
explained  as  the  formation  of  placers  by  the  destruction  of  vein- 
matter  without  having  some  other  to  replace  it.  If  the  theory  of  the 
destruction  of  pre-existing  veins  is  not  tenable,  we  are  bound  to 
examine  carefully  whether  there  are  causes  in  nature  sufficient  to 
account  for  solution,  and  what  are  the  agencies  that  render  the 
gold  soluble.  A  series  of  experiments  have  been  made  on  this 
subject  lasting  over  many  months,  both  synthetical  and  analytical, 
which  seem  to  be  of  considerable  importance  in  the  study  of  the 
origin  both  of  placer  and  vein  phenomena.  In  this  investiga- 
tion most  of  the  known  salts  of  gold  were  prepared ;  but  as  the 
chloride  is  most  easily  made,  this  was  made  the  basis  of  almost 
all  the  solutions.  AVhile  making  the  chloride  of  gold  for  the  solu- 
tions some  sponge-gold  was  placed  in  a  tube  and  heated  in  a  current 
of  chlorine-gas  until  the  chloride  of  gold  formed  was  entirely  sub- 
limed. It  deposited  at  the  upper  part  of  the  tube  directly  over  the 
gold,  and  as  the  tube  cooled,  on  the  gold  also,  in  fine  transparent  crys- 
tals half  an  inch  long.  This  tube,  when  cool,  was  closed  while  full 
of  chlorine,  by  replacing  the  glass  tubes  by  glass  rods,  and  the  joints 
made  tight  with  paraffine.  In  five  months  the  crystals  were  melted 
into  a  mass,  and  in  a  year  the  whole  of  the  chloride  had  been  trans- 
formed into  metallic  gold  with  occasional  nodules  of  chloride  through 
it ;  but  the  whole  of  it  could  be  readily  amalgamated. 

In  order  to  ascertain  the  effect  of  different  organic  substances  on 
salts  of  gold  in  solution,  five  portions  of  fifty  cubic  centimeters  each 
of  a  solution  containing  .50  gram  of  chloride  of  gold  were  treated 
in  different  ways.  The  first  was  covered  with  a  cubic  centimeter 
of  petroleum.  In  the  second  a  quarter  of  a  gram  of  cork  was 
placed;  in  the  third  a  quarter  of  a  gram  of  peat;  in  the  fourth 
half  a  gram  of  leather;  in  the  fifth  half  a  gram  of  leaves.  These 
solutions  were  put  in  a  dark  place,  and  were  left  for  three  months 
before  examination.  When  the  solution  containing  the  petroleum 
was  brought  to  the  light  the  liquid  had  lost  its  color,  and  there  were 
suspended  in  it  a  number  of  very  fine  and  long  crystals  of  gold, 
distributed  nearly  uniformly  from  the  top  to  the  bottom,  and  float- 
ing almost  perpendicularly  in  the  water.     They  had  the  appearance 
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of  the  hexagonal  crystals  described  by  Professor  Chester."^  As  soon 
as  tlic  liquid  was  agitated  they  fell  to  tlie  bottom.  The  solutions 
containing  the  cork,  leather,  and  leaves  had  also  been  rendered 
colorless,  but  the  gold  had  entered  into  these  substances,  replacing  the 
organic  matter,  so  that  they  were  pseudoi'nor[)hed  into  gold.  The 
solution  in  which  the  peat  was  placed  was  also  colorless,  but  the 
gold  was  precipitated  in  the  form  of  very  small  mammillary  masses, 
recalling  perfectly  the  form  of  nuggets. 

To  ascertain  the  degree  of  solubility  of  gold  a  quantity  of  pure 
spongy  gold  was  prepared,  and  placed  in  a  variety  of  solutions; 
some  of  these  were  left  exposed  to  the  air;  others  were  sealed 
at  the  ordinary  temperature  and  pressure  of  the  air  for  ])eriods  of 
from  six  to  eight  months;  others  were  exposed  to  heat  and  pressure 
under  varying  conditions  in  an  air-bath,  arranged  in  such  a  way 
that  the  tem|)erature  could  be  kept  constant  for  a  number  of  hours 
at  a  time.  Many  of  these  last  tubes  burst  after  the  liquid  had  ac- 
quired a  tint.  Of  some  of  these  the  contents  were  entirely  lost, 
of  others  a  sufficient  quantity  of  the  liquid  was  left  to  test  for  gold. 

Solutions  of  salt,  sulphate  of  ammonia,  chloride  of  ammonium, 
chloride  and  bromide  of  potassium  in  sealed  tubes,  after  eight 
months  gave  no  reaction.  Heated  for  five  hours  at  temperatures 
varying  from  150°  to  200°  C,  none  of  them,  except  the  bromide  of 
potassium,  gave  any  reaction,  and  that  reacted  very  strongly.  In 
the  sealed  tubes  the  solution  of  salt,  in  which  a  few  drops  of  nitric 
acid  had  been  placed,  reacted  for  gold  ;  the  iodide  of  potassium  gave 
110  immediate  reaction,  but  when  evaporated  to  dryness  left  a  purple 
residue,  soluble  in  bromine,  which  reacted  for  gold.  Heated  to  a 
temperature  of  from  100°  to  170°  C,  the  iodide  of  potassium  tube 
"•ave  a  reaction  for  2:old  not  much  stron2;er  than  the  solution  before 
heating. 

A  solution  of  commercial  nitrate  of  ammonia,  which  contained 
some  chloride  of  ammonium  as  an  impurity,  kept  in  an  open  tube 
at  the  ordinary  temperature  and  pressure  for  four  and  a  half  months, 
colored  the  solution  bright  yellow,  and  reacted  strongly  for  gold. 
Two  solutions  were  made  each  containing  five  grams  of  nitrate  of 
ammonia  and  half  a  p-ram  of  chloride  of  ammonium  in  200  cubic  cen- 
timeters  of  distilled  water.  One  of  the  solutions  was  left  in  an  open 
room  and  the  other  {)ut  in  a  dark  place,  and  left  for  eleven  days. 
At  the  end  of  that  time  both  reacted  strongly  and  with  equal  inten- 
sity for  gold. 

*  American  Journal  of  Science,  3d  series,  vol.  xvi,  p.  32. 
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Pure  sponge-gold  was  then  placed  in  the  following  solutions,  con- 
tained in  sealed  tubes  at  the  ordinary  temperature  and  pressure  for 
three  months.  Sulphide  of  ammonium  produced  no  change  and  no 
reaction.  With  sulphide  of  potassium  a  black  precipitate  was  formed, 
and  a  strong  reaction  for  gold  was  given  by  the  liquid.  Sulphide  of 
sodium  gave  a  black  precipitate  and  a  strong  reaction  for  gold.  Cy- 
anide of  potassium  gave  a  yellow  solution,  a  brown  precipitate  and 
smell  of  ammonia,  and  a  strong  reaction  for  gold.  Chloride  of  mag- 
nesium, after  nearly  three  months,  gave  a  gelatinous  precipitate,  but 
no  gold.-  Sulphate  of  soda,  after  the  same  length  of  time,  produced 
no  change  and  no  reaction.  The  sulphate  of  copper  produced  no 
change  after  two  and  a  half  months. 

Spongy  gold  was  then  put  into  solutions  of  the  following  sub- 
stances, and  heated  for  six  and  a  half  hours  between  145°  and  180°  C. 
Sulphide  of  ammonium  showed  no  apparent  change,  but  reacted 
strongly  for  gold.  The  solution  of  sulijhide  of  [)otassium  attacked 
the  glass  strongly;  it  looked  greenish,  and  the  liquid  reacted  for 
gold;  a  black  precipitate  was  formed,  which  was  dissolved  in 
bromine,  and  reacted  for  gold.  The  solution  of  sulphide  of  sodium 
acted  slightly  on  the  glass,  and  acquired  a  greenish  tint ;  a  pink  film 
was  found  on  the  glass,  and  a  slight  precipitate  was  formed.  This 
film  reacted  slightly,  and  the  solution  very  strongly  for  gold  ;  there 
was  not  enough  of  the  precipitate  to  examine.  The  solution  of 
chloride  of  magnesium  attacked  the  glass  strongly,  from  which  scales 
fell,  but  no  gold  was  dissolved.  The  solution  of  sulphate  of  soda 
gave  a  cloudy,  flocculent  precipitate,  but  no  reaction  for  gold.  Com- 
mercial sulphuric  acid  and  solutions  of  sulphate  of  potash,  iron^  and 
manganese  gave  white  scales,  but  no  reaction  for  gold.  Solutions  of 
sulphate  and  nitrate  of  soda  gave  no  change  and  no  reaction.  The 
solution  of  permanganate  of  potash  produced  no  reaction.  In  the 
solution  of  cyanide  of  potassium  the  brown  precipitate  which  was 
formed  in  the  previous  experiment  dissolved,  reducing  the  gold  in 
the  solution  so  that  no  gold  was  found  dissolved. 

A  mixture  of  nitrate  of  silver  and  sulphuric  acid  produced  no 
change  after  two  months.  A  mixture  of  the  sulphates  of  potash, 
iron,  manganese,  and  commercial  sul[)huric  acid  produced  no  change 
after  two  months.  The  permanganate  of  potash  and  sulphuric  acid 
gave  a  black  precipitate  and  colored  the  liquid  slightly  pink,  but 
gave  no  gold. 

In  order  to  test  the  effect  of  organic  matter  in  solution,  half  a  gram 
of  chloride  of  gold  was  placed  in  two  liters  of  Croton  water  in  two  large 
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bottles.  One  of  these  was  left  exposed  to  the  sunlight,  and  from  this 
all  the  gold  was  precipitated  in  less  than  a  week ;  the  other  was 
placed  in  a  dark  room  and  left  there;  at  the  end  of  eight  months  a 
small  amount  of  gold  was  precipitated.  When  solid  organic  matter 
was  placed  in  the  bottle  the  precipitation  was  quite  rapid,  and  when 
the  bottle  was  then  brought  into  the  sunlight  all  the  gold  was  pre- 
cipitated in  about  forty-eight  hours. 

To  ascertain  the  effect  of  different  soils  on  weak  gold  sohitions 
half  a  gram  of  chloride  of  gold  was  dissolved  in  ten  liters  of  filtered 
Croton  water,  and  made  to  pass  continuously  over  the  three  mix- 
tures given  below  arranged  in  glass  funnels.  The  apparatus  was  so 
arranged  that  the  liquid  would  flow  drop  by  drop  on  the  filters. 

No.  1  contained  30  grams  of  quartz  sand,  No.  2,  20  grams  of  sand 
and  10  of  soil,  No.  3,  30  grams  of  magnetic  iron  sand  and  ten  of 
quartz  sand. 

The  filters  were  left  exposed  in  a  room  where  there  was  consid- 
erable dust  arising,  and  where  there  was  also  the  smoke  from  [)ass- 
ing  trains.  In  two  days  most  of  the  gold  had  been  precipitated  in 
the  filters,  and  the  water  had  a  greenish  look.  Half  a  gram  of 
chloride  of  gold  was  then  dissolved  in  ten  liters  of  distilled  water, 
and  filtered  in  the  same  way  over  thirty  grams  of  quartz  sand,  a 
mixture  of  twenty  of  sand  and  ten  of  soil,  and  a  mixture  of  ten  of 
sand  and  thirty  of  magnetic  sand.  These  filters  were  carefully 
covered  to  prevent  any  dust  settling  on  them,  so  that  they  were 
protected  from  all  organic  matter  except  such  as  was  contained  in 
them.  At  the  end  of  two  months  the  clean  sand  and  the  mixture  of 
magnetic  and  clean  sand  had  reduced  a  small  quantity  of  gold  (a 
little  more  in  the  latter  than  the  former)  in  concretionary  shapes, 
which,  owing  to  the  rapidity  of  the  action,  were  not  coherent,  but 
could  be  crushed  with  the  pressure  of  the  finger.  In  the  mixture 
with  the  soil  the  whole  had  been  reduced,  and  was  distributed 
through  the  sand  as  an  impalpable  powder,  no  indication  of  any 
concretionary  form  being  observed. 

The  attempt  was  then  made  to  dissolve  gold  in  a  manner  similar 
to  that  which  was  supposed  to  take  place  in  nature.  For  this  pur- 
pose filters  were  prepared  of  thirty  grams  each  of  clean  quartz  sand; 
in  one  of  these  1.161  grams  of  sponge-gold  was  placed  and  carefully 
mixed  with  the  sand;  in  each  of  the  other  two  half  a  gram  of  very 
fine  gold  was  mixed.  Over  the  sponge-gold  ten  liters  of  distilled 
water,  containing  thirty  grams  of  common  salt  and  five  grams  of 
nitrate  of  soda,  was  made  to  filter  constantly  for  two  months,  but  no 
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observable  change  took  place.  For  the  second  solution  six  liters  of 
Croton  water  were  taken,  in  which  nine  grams  of  nitrate  of  ammonia 
and  one  gram  of  chloride  of  ammonium  were  dissolved.  This  was 
made  to  filter  constantly  for  one  month,  but  no  gold  was  dissolved. 
For  the  last  experiment  one  gram  of  nitrate  of  ammonia  and  nine 
grams  of  chloride  of  ammonium  were  used,  but  no  gold  was  dis- 
solved. 

It  was  the  intention  to  continue  these  filtrations  for  six  months  at 
a  time,  and  WMth  all  the  conditions  of  natural  waters,  but  the  diffi- 
culty of  making  the  experiments  continuous  decided  the  abandon- 
ment of  them  after  a  number  of  the  other  results  had  been  obtained. 
The  failure  to  dissolve  gold  in  this  short  time  does  not  prove  that 
there  is  no  action,  as  the  other  experiments  show.  An  amount  equal 
to  a  little  less  than  that  in  sea-water  might  easily  escape  detection. 
In  these  experiments  there  is  lacking  the  certainty  that  all  the 
conditions  necessary  to  success  are  fuliilled.  It  was  f  )und  in  one 
of  the  experiments,  made  in  the  early  stages  of  the  investigation, 
that  the  fine  dust  circulating  in  the  room  was  sufficient  to  precipi- 
tate the  gold  from  a  dilute  solution.  All  these  researches  had  to  be 
made  in  a  room  to  which  many  persons  had  access,  and  it  is  quite 
possible  that  the  organic  matter  precipitated  the  gold  in  these  last 
experiments  as  fast  as  it  was  dissolved  ;  for  in  the  experiments  for 
the  production  of  the  placers  the  organic  matter  did  deposit  the  gold 
in  the  sand.  It  is  greatly  to  be  regretted  that  these  experiments 
could  not  have  been  made  in  the  complete  absence  of  dust. 

In  order  to  test  the  effect  of  organic  life  in  such  solutions,  a  plant 
was  watered  with  a  very  weak  solution  of  gold,  but  as  is  often  the 
case  in  such  experiments,  the  plant  died  of  too  much  watering.  In 
the  anxiety  to  produce  the  kind  of  absorption  by  plants  described  by 
Durocher  and  Alalaguti,  the  experiment  was  made  a  failure  by  too 
much  enterprise.  The  examination  of  the  ashes  of  the  plant  showed 
a  small  amount  of  gold,  but  most  of  the  gold  precipitated  was  in  the 
soil  around  the  plant,  being  thrown  down  there  by  the  organic  ma- 
terial in  the  earth.  This  experiment  indicates  the  origin  of  the 
thin  plates  of  gold  which  are  sometimes  found  in  the  grass  roots  of 
certain  placer  countries.* 

It  will  be  observed  that  in  almost  all  the  cases  where  gold  was 
dissolved,  chlorine  and  some  nitrogenous  substances  were  found 
together  in  the  presence  of  alkaline  waters.     These  same  conditions 

*  Transactions,  American  Institute  of  Mining  Engineers,  vol.  vi,  p.  33. 
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are  favorable  also  to  the  separation  and  solution  of  silica.  It  has 
been  proven  by  these  experiments  that  the  alkaline  sulphides  act  on 
gold  as  well  as  the  substances  enumerated  above,  and  it  is  quite  easy 
to  imagine  the  conditions  under  which  the  gold,  alrg:ady  in  solution 
in  excessively  small  quantities,  coming  in  contact  either  with  solid 
or  liquid  organic  matter,  may  precipitate  all  the  metal. 

In  Grass  Valley,  California,  I  have  known  of  gold  being  thrown 
down  in  the  filter  of  a  Plattner's  vat  by  tlie  organic  matter  contained 
in  the  very  impure  water  used  there  for  the  solution  of  the  gold  ren- 
dered soluble  by  the  action  of  the  chlorine.  The  filter  was  full  of 
metallic  gold,  and  there  was  no  means  of  ascertaining  how  much  of 
it  had  been  lost.  Several  ounces  of  a  brown  deposit  were  taken  from 
it  which  was  nearly  pure  gold.  This  cause  of  deposition,  and  of  loss 
in  large  operations,  has,  I  believe,  been  entirely  overlooked.  It  is 
quite  easy  to  explain  the  presence  of  gold  in  alluvial  sands  by  the 
action  of  sunlight  alone  on  the  waters  containing  the  gold  in  solution, 
and  to  account  for  the  gold  on  the  bed-rock,  by  the  solutions  coming 
in  contact  with  organic  or  mineral  matter,  such  as  the  lignites,  fossil 
woods,  or  the  pyrites,  which  is  everywhere  found  in  deep  placer  de- 
posits. The  waters  not  being  able  to  pass  the  bed-rock,  remain 
there  in  contact  with  the  organic  matter  until  all  the  gold  is  precipi- 
tated. The  same  would  be  true  of  the  decomposing  rocks,  or  of 
slaty  strata  coming  up  to  the  bottom  of  the  deposit  at  an  angle.  The 
deposition  would  be  rendered  much  more  rapid  by  any  electrical 
currents  that  might  pass  through  the  strata. 

In  all  of  these  phenomena,  time,  which  in  the  operations  of  nature 
is  unlimited,  is  one  of  the  chief  factors.  In  any  laboratory  experi- 
ment the  limit  of  time  must  of  necessity  be  short,  but  there  is  no 
such  limit  in  nature.  That  this  solution  goes  on  on  a  large  scale  there 
is  every  reason  to  suppose.  That  it  may  be  connected  with  vein 
phenomena  the  California  nugget  shows,  since  in  this  case  both  the 
formation  of  the  quartz  and  of  the  nugget  are  evidently  posterior  to 
that  of  the  blue  gravel. 

It  will  be  seen  from  these  reactions  that  many  of  the  conditions 
favorable  to  the  solution  of  gold  are  also  favorable  for  the  solution 
of  silica,  and  that,  as  Professor  Kerr  shows,*  the  rocks  may  be 
actually  decomposed  and  the  gold  deposited,  forming  in  this  way 
shallow  deposits  called  veins,  in  which  the  gold  disappears  entirely 
beyond  a  few  feet. 

*  Transactions,  American  Institute  of  Mining  Engineers,  vol.  8,  p.  462. 
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Nothing  is  more  likely  than  that  the  infiltration  of  water  through 
rocks  undergoing  decomposition,  of  which  there  are  enormous  quan- 
tities in  the  gold  region,  should  take  up  the  alkalies,  and,  slowly 
passing  over  the  gold,  should  dissolve  it.  The  composition  of  these 
alkaline  salts  would  depend  on  the  nature  of  the  rock  through  which 
the  waters  passed,  but  it  is  more  than  likely  that  they  would  be 
mixtures  of  many  of  the  compounds  likely  to  attack  the  gold  and 
carry  it  oiF  in  solution,  and  not  alkaline  carbonates  and  sulphides 
alone,  although  these  would  be  likely  not  only  to  be  present,  but 
to  be  powerful  agents  in  carrying  on  the  work  of  solution.  In 
some  cases  the  decay  of  the  rocks  is  so  rapid  that  the  phenomena 
may,  as  it  were,  be  caught  in  the  act.  The  agencies  producing  the 
decomposition  of  the  rock,  penetrating  it  beyond  the  limits  of  local 
drainage,  and  carrying  off  the  soluble  parts,  leave  the  debris  in  a 
condition  easily  penetrated  by  the  infiltrating  solutions,  and  ready 
to  receive  any  deposit  which  these  solutions  may  for  any  cause  leave 
behind  them.  A  source  of  these  deposits  in  the  deep  placers  of  Cali- 
fornia is  the  trap  which  sometimes  covers  the  old  river  deposits  to  a 
depth  of  150  feet.  In  the  deep  placers  these  waters  would  be  capa- 
ble of  holding  the  gold  in  solution  until  they  met  some  decomposing 
element,  such  as  particles  of  metallic  compounds,  native  metals  or 
organic  matter,  which  is  always  present  in  liirge  quantities  in  the 
deep  placers.  If  a  nucleus  of  metal  were  present  the  gold  would  be 
precipitated  on  it,  and  if  none  were  present  then  the  gold  would 
come  down  as  a  powder,  each  grain  of  which,  however  small,  would 
serve  as  a  nucleus  for  future  aggregations. 

Admitting  the  solutions  to  be  even  more  dilute  than  the  sea- 
water  near  the  coast  of  England,  yet  unlimited  time  and  quantity 
would  evidently  produce  these  effects,  redistributing  the  gold. 
Iodine,  which  is  a  solvent  of  gold,  is  found  in  many  of  the  plants 
of  the  gold  region,  and  in  considerable  quantities  in  sea-water.  Son- 
stadt*  supposes  that  gold  is  kept  in  solution  in  the  water  of  the  sea 
by  the  slow  rate  at  which  iodate  of  calcium  is  decomposed' in  the 
sea-water  of  the  temperate  zones,  but  suggests  that  where  the  decom- 
position of  the  iodate,  whose  presence  is  necessary  to  keep  the  small 
amount  of  gold  in  solution,  is  very  rapid  as  in  hot  countries,  the 
liberation  of  the  nascent  iodine,  and  consequent  rapid  solution  of 
the  gold,  and  subsequent  precipitation  by  organic  matter  is  quite 
sufficient  to  account  for  the  great  richness  of  the  gold  deposits  of 
tropical  countries. 

*  Chem.  News,  vol.  xxvi,p.  161.     Am.  Chemist,  vol.  iii,  p.  208. 
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It  seems,  by  the  experiments  already  cited,  to  be  clearly  proved 
that  gold  is  not  only  not  insoluble,  but  that  in  nature  it  is  constantly 
being  dissolved  out  of  the  rocks  and  placers,  the  waters  of  filtration 
dissolving  out  of  the  rocks  in  their  passage  through  them  all  the 
materials  necessary  for  the  solution  of  the  gold,  and  carrying  it  in 
very  dilute  solutions  until  it  meets  some  substance  that  ])recipitates 
it.  It  seems  to  be  proved  that  when  the  action  is  slow  and  localized, 
we  have  the  phenomena  of  placers  with  large  or  small  nuggets  and 
irregularly  shaped  pieces,  and  when  the  action  is  rapid  we  find  the 
gold  in  small  particles  distributed  through  the  sands.  We  have 
reason  to  suppose  that  these  phenomena  are  now  taking  place  in  such 
a  way  as  to  concentrate  the  gold  by  infiltration  and  precipitation  in 
the  tailings  of  mines  which  cannot  be  concentrated  by  mechanical 
means.  Some  of  these  phenomena  can  be  accounted  for  by  the  sim- 
ple action  of  sunlight,  but  others,  mostly  those  of  the  deep  placer 
deposits,  have  their  cause  in,  the  large  amount  of  organic  material 
contained  in  them.  The  use  of  a  charcoal  filter  to  precipitate  the 
gold  from  relatively  concentrated  solutions  in  one  of  the  recently  in- 
vented metallurgical  processes,  is  a  very  suggestive  idea  of  the  means 
nature  may  have  used  on  an  immense  scale  on  very  attenuated 
solutions. 

The  same  conditions  which  cause  the  solution  of  gold  in  certain 
cases  cause  also  the  solution  of  silica.  This  explains  the  phenomenon 
of  mam  miliary  and  apparently  water-worn  nuggets  (like  that  from 
Placer  County)  encased  in  quartz,  while  both  the  gold  and  the  quartz 
have  been  formed  posterior  to  the  blue  gravel.  It  also  explains  the 
presence  of  "putty  stones,"  as  the  soft  pieces  of  decomposed  rock 
constantly  found  in  placer  deposits  are  called.  Many  of  the  causes 
which  produce  the  precipitation  of  the  gold  would  also  produce  the 
reduction  of  soluble  sulphates  to  insoluble  sulphides,  the  gold  being 
retained  in  the  mass.  This  would  account  for  the  almost  constant 
presence  of  gold  in  pyrites,  or  the  occurrence  of  some  of  the  copper 
ores  of  Texas  in  the  form  of  trees,  the  ore  containing  both  gold  and 
silver,  and  also  for  the  constant  presence  of  gold  in  the  iron  ores  of 
Brazil,  the  so-called  Jacotinga,and  also  for  the  presence  of  trees  trans- 
formed into  iron  ore  carrying  gold  in  some  of  our  Western  States. 
In  many  of  the  deep  placers  of  California  the  heavy  cap  of  basalt 
is  quite  sufficient  to  account  for  many  of  the  phenomena  which  occur 
not  only  beneath  but  around  it. 

The  fact  that  gold  has  not  as  yet  been  found  in  potable  waters 
may  be  simply  due  to  the  extreme  difficulty  attendant  on  its  detec- 
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tion  in  minute  quantity.  It  is  more  than  likely  that  many  of  the 
geological  phenomena  on  a  large  scale  were  produced  by  very  dilute 
solutions  or  very  slight  forces  acting  for  a  very  long  time.  How  far 
the  electrical  currents  of  the  earth  may  have  been  a  factor  in  these 
phenomena  it  is  impossible  to  surmise.  It  is,  however,  more  than 
probable  that  they  were  the  result,  not  of  one  alone,  but  of  all  the 
causes  mentioned,  and  perhaps  many  others  which  have  as  yet  es- 
caped our  attention.  No  single  agent  is  so  powerful  a  solvent  of  gold 
as  chlorine.  Very  few  drain  age- waters  are  free  from  some  compound 
of  it,  and  no  soil  is  without  the  nitrogenous  materials  necessary  to 
set  the  chlorine  free,  and  therefore  capable  of  attacking  the  gold  and 
rendering  it  soluble.  The  experiments  show  that  a  trace  of  it  is  quite 
sufficient  to  dissolve  enough  gold  to  color  a  solution  so  that  the  eye 
can  detect  it  after  a  few  week's  exposure. 

In  the  nugget  of  Placer  County  it  would  have  been  impossible 
for  either  the  gold  or  the  silica  to  have  got  into  its  position  except 
by  solution.  The  iron  of  the  blue  gravel  in  this  case  seems  to  have 
been  the  first  cause  of  precipitation,  and  subsequently  the  gold  itself 
was  an  active  agent  in  increasing  its  own  weight.  The  general 
absence  of  crystals  and  of  their  rounded  edges,  where  they  are  found, 
can  be  easily  accounted  for  by  the  fact  of  the  rapid  action  possible 
in  the  placers.  The  readiness  of  filtration  through  the  easily  perme- 
ated gravel  causes  the  gold  to  precipitate  so  rapidly  that  there  is  no 
time  for  any  but  a  mammillary  deposit;  while  in  vein  deposits  the 
extreme  slowness  of  the  deposition  allows  the  gold  to  assume  a  crys- 
talline shape.  When  we  consider  that  two-thirds  of  all  the  gold 
produced  in  the  world  comes  from  alluvial  deposits,  it  seems  diffi- 
cult to  account  for  its  presence  in  the  sands  in  any  other  way  than 
by  solution. 


THE  CAUSE  OF  EUSTINESS  AND  OF  SOME  OF  THE  LOSSES 

IN  WOBKING  GOLD, 

BY  T.   EGLESTON,  PH.D.,   SCHOOL  OF  MINES,   NEW  YORK  CITY. 

There  has  always  been  a  theory  among  those  working  placer 
mines  that  gold  is  both  found  ^'  rusty,"  and  becomes  so  under  treat- 
ment, by  which  they  mean,  not  that  gold  becomes  coated  with  oxide 
of  gold,  but  that  it  is  either  coated  superficially  or  alloyed  with  some 
substance  which  prevents  the  contact  with  mercury,  and  thus  pre- 
cludes the  possibility  of  amalgamation.     To  such  conditions  of  the 
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gold  are  ascribed  the  losses  in  working  most  placer  deposits.  Rusty 
gold  is  often  talked  about,  but  is  not  often  shown,  and  when  pro- 
duced oftener  amalgamates  than  not.  It  is  frequently  covered  with 
a  brownish  coating,  and  has  a  much  redder  color  than  ordinary  gold. 
The  coating  is  very  irregularly  distributed  over  the  surface,  every 
spot  where  the  least  abrasion  has  occurred  showing  the  true  gold- 
yellow.  All  such  spots  form  contact  surfaces,  and  cause  the  whole 
piece  to  amalgamate  readily.  When  the  gold  is  wholly  coated  it 
resists  the  action  of  the  mercury  for  a  considerable  time  and  perha])s 
altogether.  This  coating  on  gold  is  due  to  the  superficial  action  of 
some  substance,  which  is  soluble,  and  is  often  precipitated  at  the 
same  time  and  by  the  same  causes  as  the  gold,  for  fine  particles 
of  gold  are  sometimes  visible  with  the  microscope  in  the  detached 
coating.  It  has  never  to  my  knowledge  been  carefully  analyzed. 
Those  who  describe  it  say  that  it  often  cracks  off  from  pieces  of  gold 
leaving  them  bright.  Nuggets  of  some  size  are  said  to  have  been 
found  in  South  America,  in  alluvial  soil,  coated  with  a  silicate  of 
iron  containing  considerable  gold.  Very  often  the  film  is  entirely 
composed  of  silica,  which  is  deposited  on  and  beside  the  gold.  This 
silica  is  sometimes  opaque,  and  again  quite  transparent,  so  that 
the  gold  can  be  seen  disseminated  through  it  with  the  microscope, 
just  as  cinnabar  crystals  are  seen  in  the  red  chalgedony  of  the  dis- 
trict around  Knoxville,  Cal.  When  the  silica  surrounds  the  gold 
entirely  it  prevents  the  gold  from  being  attacked  by  the  mercury, 
just  as  the  fine  particles  of  gold  from  the  veins  are  carried  off  in  the 
rock  when  it  has  not  been  rendered  sufficiently  fine  in  the  crushing. 

While  there  are  many  artificial  causes  which  produce  the  rustiness 
of  gold,  this  covering  of  the  surface  with  particles  of  some  foreign 
.  substance  is  probably  the  only  one  which  occurs  in  nature.  In  the 
separation  of  gold  from  its  ore  there  are  a  number  of  causes  which 
render  it  rusty  or  prevent  its  amalgamation  in  the  mill.  Some  of 
these  causes  I  have  recently  had  occasion  to  investigate,  and  are,  I 
believe,  now  announced  for  the  first  time;  others  have  been  more  or 
less  known  for  a  number  of  years. 

It  has  been  asserted  that  the  presence  of  certain  substances  alloyed 
with  the  gold  would  prevent  its  amalgamation.  This  I  hav^e  gen- 
erally found  not  to  be  the  case.  I  have  made  a  number  of  these 
alloys  and  have  found  them  to  amalgamate  without  difficulty,  but 
chemical  combinations  frequently  do  resist  the  action  of  the  mercury 
altogether,  or  when  they  yield,  it  is  attended  with  the  formation  of 
a  chemical  compound  with  the  mercury,  and  the  consequent  loss  of 
the  latter. 
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In  order  to  ascertain  the  causes  which  prevent  the  amalgamation  of 
gold  I  undertook  to  reproduce  artificially  the  conditions  which  were 
supposed  to  prevent  it.  These  I  found  to  be  mechanical  and  chemical. 
I  found  that  if  a  piece  of  soft  gold  which  could  be  easily  bent,  and 
amalgamated  readily,  ^vas  hammered  on  a  perfectly  bright  anvil, 
with  a  bright  hammer,  giving  several  rapid  blows,  until  the  gold 
had  become  hard,  and  had  ac(]uired  a  certain  amount  of  elasticity,  it 
would  remain  in  juxtaposition  with  mercury  for  a  very  long  time 
without  being  affected  by  it.  This  hammering  increases  the  density 
of  the  metal  and  closes  the  pores,  so  that  I  have  recently  had  a  piece 
of  gold  which  was  put  into  this  condition  by  hammering,  remain 
nearly  two  weeks  floating  on  mercury  without  being  attacked.  If 
the  gold  in  this  condition  is  heated  and  cooled  slowly,  it  again 
amalgamates  rapidly.  If,  however,  it  is  cooled  rapidly  by  plunging 
it  suddenly  into  very  cold  water  the  amalgamation  takes  place  very 
slowly.  The  same  metal,  after  being  repeatedly  rapidly  cooled  and 
heated,  amalgamates  more  readily  than  if  it  has  only  been  treated 
once. 

To  ascertain  the  effect  of  different  substances  on  the  gold,  a  strip 
of  clean  gold  which  readily  amalgamated  was  dipped  into  a  solu- 
tion of  sulphide  of  ammonium,  and  also  into  one  of  sulphu- 
retted hydrogen.  After  being  withdrawn  from  these  liquors  and 
allowed  to  dry,  mercury  would  not  touch  either  of  the  pieces.  The 
effect  of  grease  is  well  known,  and  the  greatest  care  is  taken  in 
most  mills  to  keep  the  "  quick '^  bright,  either  by  rubbing  or  by  the 
addition  of  chemicals,  to  such  an  extent  in  some  cases  that  the  chemi- 
cals themselves  used  in  excess  are  often  a  cause  of  the  very  thing 
they  are  intended  to  prevent.  All  these  causes,  the  hammering,  the 
effect  of  sulphuretted  waters,  and  also  the  effect  of  grease,  occur  in 
every  mill,  and  probably  have  something  to  do  with  the  losses  in 
gold  which  take  place  there. 

The  effect  of  the  different  elements  likely  to  be  found  with  gold  was 
also  investigated.  A  strip  of  gold  which  would  amalgamate  easily 
was  exposed  to  vapors  of  sulphur,  after  which  it  would  not  amalga- 
mate. When  the  piece  was  heated  in  the  flame  of  a  Bunsen  burner, 
the  film  of  sulphide  was  decomposed,  and  the  gold  amalgamated 
readily.  To  test  the  effects  of  arsenic  and  antimony  upon  gold, 
these  metals,  in  variable  proportions,  were  melted  with  it,  and  it 
was  ascertained  that  considerable  quantities  of  arsenic  and  antimony 
were  in  the  alloys.  Both  these  alloys  amalgamate  very  easily. 
Gold  and  arsenic,  and  gold  and  antimony,  were  then  precipitated 
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together,  and  it  was  found  that  the  precipitates  were  compounds  of 
antimony  and  gold  and  of  arsenic  and  gold;  they  also  amalgamated 
readily.  It  has  been  asserted  that  .0004  gram  of  antimony  to  the 
ton  of  auriferous  pyrites  of  Grass  Valley,  and  .001  gram  ih  that  of 
Caliao,  was  sufficient  to"  prevent  the  amalgamation  of  the  gold.'^ 
This  seems,  however,  to  be  not  quite  exact,  if  the  statement  given 
of  the  conditions  in  which  the  gold  is  found  be  correct,  for  there 
does  not  seem  to  be  any  reason  why  an  alloy  with  a  much  larger 
amount,  as  in  the  artificial  compounds,  should  amalgamate  readily, 
and  the  natural  one  containing  so  much  less,  refuse  to  do  so. 

The  effect  of  sulphur  was  further  studied  by  making  a  regular  sul- 
phide of  gold.  When  this  was  heated  it  was  found  that  the  sulphur 
was  readily  driven  off  l)y  ignition,  and  the  residue,  which  was  bright- 
yellow  gold  of  exactly  the  same  shape  as  the  sulphide,  easily  amal- 
gamated. A  phosphide  of  gold  was  then  made  by  pouring  melted 
phosphorus  upon  hot  sponge-gold,  and  expelling  the  excess  of  phos- 
phorus by  heating  for  some  time  in  a  non-oxidizing  atmosphere. 
It  did  not  amalgamate.  Oxide  of  gold  was  made,  but  this  com- 
pound is  so  very  unstable  and  so  readily  reduced  to  metallic  gold  by 
simple  rubbing  that  it  could  not  possibly  have  any  effect  on  prevent- 
ing amalgamation,  although  it  is  not  attacked  by  mercury.  An 
amalgam  of  gold  was  then  placed  in  acid,  which  easily  dissolved  out 
the  mercury,  and  left  behind  a  brown  crystalline  residue  of  gold, 
which  readily  took  up  mercury  again. 

It  will  thus  be  seen  that  the  stamp-mill  is  not  a  rationally-designed 
machine.  The  action  of  pounding  is  likely  to  put  some  of  the  gold 
into  such  a  condition  that  the  mercury  will  not  touch  it,  and  to  flour 
the  gold,  as  well  as  the  quicksilver.  There  is,  besides,  in  the  mill  every 
probability  of  the  introduction  of  grease  or  greasy  substances,  like  the 
powdered  hydrated  silicates  of  magnesia  and  of  alumina,  which  not 
only  froth  but  coat  the  gold  with  a  slime  which  prevents  the  action  of 
the  mercury.  If  the  water  used  in  the  mill  is  not  pure,  there  is  a  fur- 
ther likelihood  of  the  introduction  of  sulphuretted  hydrogen,  and  of 
other  soluble  sulphides,  which  act  superficially  on  the  small  particles 
of  gold,  and  prevent  the  action  of  the  mercury.  I  have  elsewhere 
pointed  out  some  of  the  other  causes  of  losses  in  the  treatment  of  gold.f 
The  pounding  action  of  the  stamp  has  doubtless  the  effect  to  make 
some  of  the  particles  of  gold  wholly  unattackable  by  mercury,  while 

*  Comptes  Kendus,  March  17th,  1879. 

f  On  the  Formation  of  Gold  JSTuggets  and  Placer  Deposits,  page  Go3. 
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the  action  of  rubbing  that  occurs  in  the  arrastra  is  much  more  likely 
to  pulverize  the  fine  particles  of  pyrites,  to  break  up  any  coating 
that  may  be  around  the  particles  of  gold,  and  to  rub  off  any  super- 
ficial deposit,  and  thus  bring  the  gold  into  contact  with  the  mercury 
and  make  it  amalgamate.  It  would  be  folly  to  advocate  the  rein- 
troduction  of  the  arrastra  which  is  so  limited  in  its  output,  but  I  am 
satisfied  that  we  shall  have  to  come  back  to  its  principle.  It  is  a 
very  remarkable  fact  that  when  in  the  early  days  Mexicans  with  the 
arrastra  got  $50  to  |60  a  day,  the  stamp-mill  working  on  the  same 
rock  obtained  only  $15  to  $20,  and  instances  are  cited  where  with 
the  best  modern  machinery  only  $20  to  $30  can  be  got  out  of  rock 
which  yields  $700  to  $800  by  the  fire  assay.  One  or  two  machines 
have  recently  been  constructed  on  the  arrastra  principle,  but  no  sys- 
tematic tests  have  been  niade  of  them  and  little  done  beyond  the 
singing  of  their  praises  by  enthusiastic  inventors. 


ON  THE  OCCURBENCE  OF  LUSTROUS  COAL  WITH 
NATIVE  SILVER  IN  A  VEIN  IN  PORPHYRY,  IN 
OURAY  COUNTY,  COLORADO. 

BY  PKOFESSGR   GEORGE  A.    KCENIG,    PHILADELPHIA,    AND   MORITZ 
STOCKDEK,    E.M. ,  LAKE  CITY,    COLORADO. 

Locality  and  Geological  Occurrence. — The  Alpine  region  of  South- 
west Colorado,  comprising  the  San  Juan  and  Uncompaghre  Moun- 
tains, is  composed  of  a  deeply  eroded  sheet  of  acid  eruptive  rocks, 
overlying  in  part  gneissic  schists,  and  in  part  limestones  and  sand- 
stones, including  portions  of  the  Silurian,  Devonian,  and  Carbonifer- 
ous systems.  The  section  is  clearly  and  beautifully  exposed  along 
the  Uncompaghre  River  from  its  headwaters  to  its  exit  from  the 
mountains.  The  river's  course  from  the  town  of  Ouray  towards  the 
Los  Pinos  agency  is  due  north,  and  four  miles  from  Ouray,  in  this 
direction,  the  Uncompaghre  receives  from  the  east  the  Red  Canon 
Creek.  Following  up  the  narrow  canon  we  find  the  section  through 
white  sandstone  in  strata  dipping  to  the  north  and  west,  and  belong- 
ing either  to  the  lower  or  middle  Devonian  system.  Presently  the 
steep  caflon-like  character  of  the  ravine  gives  place  to  more  gentle 
slopes,  and  we  have  entered  crystalline  rock — porphyry.  The  contact 
is  well  marked,  for  the  sandstone,  to  a.  depth  of  from  six  to  ten  feei, 
resembles  quartzite,  i.  e.,  is  semifused.  Ascending  still  higher,  a  small 
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.ravine  enters  from  the  north,  and  a  short  distance  from  the  junction 
of  the  two  creeks  ex])oses  a  vein  outcrop,  which  has  been  located 
under  the  name  of  New  Discovery.  This  appears  as  a  well-charac- 
terized  fissure  vein,  although   the    mining  operations  at  the  date 


i 


Porphyry 


of  our  visit  only  comprised  an  "assessment" — a  mere  hole  ten  feet 
deep.  From  it  were  taken  the  specimens  of  vein-matter  to  be 
described.     On  the  east  bank  of  the  ravine  a  cross-vein  has  been 
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traced   and  located  as  the  Dexter  Mine.     The  accompanying  rough 
sketch  map  will  illustrate  the  topography.     Future  developments 


Native  silver 

Coal  nodules 

•^^^  Quartz  crystals 
^S*    Malachite 

C      Calcite.  enclosing  coal 
Section  through  a  quartz  druse,  showing  the  relative  position  of  coal  nodules,  native  silver, 

quartz,  and  calcite. 

will  be  necessary  to  show  w^hether  these  fissures  in  their  downward 
course  through  the  porphyry  continue  into  the  sandstone,  and  if  so, 
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whether  they  carry  the  same  vein-matter,  notably  the  silver  and  the 
carbonaceous  mineral. 

3Iineralor/ical  Associations. — The  largest  specimen  of  vein-matter 
in  our  possession  represents  a  full  section  through  a  vein  seam  4.5 
inches  wide  bounded  by  smooth  walls.  One  of  these  is  made  up  of 
very  compact  quartz  from  0.5  to  0.7  of  an  inch  wide.  Upon  this 
follows  a  zone  of  druses,  almost  completely  filled  with  quartz,  whose 
crystals  protrude  with  fine  terminations  into  the  small  internal  cav- 
ities, each  of  the  latter  containing  one  or  more  nodules  of  the  lustrous 
coal.  The  largest  druse  shows  on  the  section  that  it  is  separated 
from  the  surrounding  quartz  by  a  stratum  of  consecutive  nodules  of 
the  coal  imbedded  completely  in  massive  calcite.  The  nodules  vary 
in  thickness  from  small  pin's  heads  to  0.2  inch.  This  string  is  in- 
terrupted in  one  place  by  a  cluster  of  crystals  of  native  silver,  some 
well-defined  octahedrons,  sitting  directly  upon  and  surrounding  the 
carbonaceous  substance  (see  accompanying  sketch.)  The  quantity 
of  native  silver  concentrated  at  this  point  is  estimated  at  probably 
0.1  gram. 

The  other  wall  is  formed  by  a  layer  of  quartz  crystals  at  right 
angles  to  the  wall  surface,  only  0.3  inch  thick.  It  is  separated  from 
the  inner  massive  quartz  by  another  narrow  zone  of  carbon  nodules, 
but  no  silver  or  other  metallic  mineral  is  here  met  with.  The  mass 
of  central  compact  quartz  includes  many  small  druses,  each  contain- 
ing carbonaceous  matter.  Whilst  thus  the  general  law  of  vein  for- 
mation appears  well  exemplified,  that  is,  crystallization  in  zones 
parallel  to  the  walls,  there  are  many  diagonally  disposed  hollows. 
In  places  the  massive  quartz  is  colored  gray  by  minute  crystals  of 
galenite,  and  red  by  hematite,  occasionally  green  by  a  little  mala- 
chite. Calcite  evidently  was  the  last  to  crystallize,  because  it  com- 
pletely incloses  the  coal,  which  must  have  already  assumed  the 
shape  which  it  now  exhibits.  Where  the  nodules  of  coal  have 
fallen  out,  the  calcite  shows  a  very  smooth  surface,  as  if  glazed,  and 
that  it  was  deposited  rapidly  is  demonstrated  by  its  compactness 
and  the  rare  appearance  of  scalenohedral  crystals. 

Another  specimen  shows  a  quartz  druse  partly  filled  with  coal, 
yellowish-browm  rhombohedrons  of  siderite  and  tabular  crystals  of 
barite.  This  specimen  shows  also  grains  of  galenite  0.1  inch  in 
diameter,  with  fine  cleavage  planes  and  a  gray-black  film,  which  I 
take  to  be  argentite  ;  it  is  so  thin,  however,  that  sufficient  material 
could  not  be  got  for  a  test. 

A  third  specimen  exhibits  carbon  nodules  0.5  inch  in  diameter, 


654  LUSTROUS   COAL   WITH    NATIVE   SILVER. 

surrounded  by  calcite  0.25  inch  zone.  In  a  druse  of  a  fourth  speci- 
men, formed  by  very  brilliant  pyramidal  quartz  crystals,  many  of 
the  latter  are  partly  covered  with  pyrite  crystals,  most  of  which  are 
changed  into  shapeless  limonite  with  particles  of  native  gold.  The 
caroon  is  here  not  in  immediate  contact,  and  its  causal  connection 
with  the  gold  is  not  established.  Still  another  specimen  exhibits 
galenite,  tetrahedrite,  and  malachite,  in  close  connection  with  the 
carbon.  The  malachite,  it  is  needless  to  say,  is  the  result  of  recent 
alteration  of  the  gray  copper. 

PJiysical  Properties  of  the  Coal. — Its  color  is  intensely  black  ;  its 
texture  very  compact;  no  fissures,  not  even  capillary,  can  be  no- 
ticed. An  attempt  to  produce  a  microscopic  section  was  unsuccess- 
ful ;  transparency  could  not  be  reached.  Its  hardness*  is  near  2, 
rather  above  than  below,  but  calcite  readily  scratches  it.  The  sub- 
stance is  very  brittle;  breaks  into  very  sharp  and  pointed  splinters, 
with  a  perfectly  smooth  conchoidal  fracture.  The  lustre  is  specially 
brilliant,  and  the  streak  is  black.  The  specific  gravity  (here  of  more 
value  than  with  coal  generally,  because  of  the  absence  of  inorganic 
admixtures)  was  determined  with  small  fragments  (1.708  gr.)  of  the 
largest  nodule  in  our  possession  (3.34  gr.),  and  the  same  material 
used  in  the  following  analyses.  It  was  found  in  two  trials  to  be 
1.2486.  From  the  number  of  gas  bubbles  which  were  disengaged 
when  the  fragments  were  boiled  with  water,  a  notable  surface  con- 
densation or  occlusion  of  gas  must  be  inferred  ;  this  gas  causes  a 
buoyancy  of  the  substance,  so  that  at  first  the  small  fragments  do 
not  sink  in  the  water. 

Chemical  Behavior  and  Analyses. — Before  the  blowpipe  in  a  strong 
oxidizing  flame  splinters  are  scarcely  affected,  but  the  powder  is 
slowly  consumed,  without  leaving  a  residue.  It  does  not  burn  with 
a  flame.  Heated  to  redness  in  a  closed  tube,  the  fragments  retain 
their  shape  and  even  their  lustre  to  some  extent,  while  a  distillate 
of  slightly  alkaline  water  and  a  small  amount  of  brown  oily  liquid, 
with  some  combustible  gas,  are  given  off.  A  solution  of  boiling 
potassium  hydrate  does  not  attack  the  substance.  Nitric  acid  of  1.4 
specific  gravity  shows  no  action  on  the  powder  at  ordinary  tempera- 
ture, but  at  the  boiling  temperature  slowly  dissolves  it  to  a  deep  red- 
brown  liquid,  from  which  a  copious  precipitate  of  brown  color  is 
formed  by  the  addition  of  water,  while  a  nearly  red  liquid  is  pro- 
duced. Hot  nitric  acid  redissolves  the  precipitate.  This  reaction 
is  common  to  all  coals.     The  small  quantity  of  substance  at  our  dis- 
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posal  prevented  searching  treatment  witli  alcohol,  ether,  and  other 
solvents  of  hydrocarbon  compounds. 

0.5000  gr.  in  a  small  covered  platinum  crucible  was  placed  in  a 
large  platinum  crucible,  also  well  covered  and  heated,  for  thirty  min- 
utes at  a  faint  yellow  heat.  A  yellow  flame  of  short  duration  was 
noticed  issuing  from  the  lid.  The  loss  in  weight  was  found  to  be  0.1384 
gr.  The  powder  had  formed  apparently  a  coke,  which,  however,  fell 
to  powder  upon  the  least  touch  with  a  platinum  wire.  After  combus- 
tion in  the  open  crucible  an  inorganic  residue  was  left,  which  weighed 
0.0006  gr.  Under  the  lens  two  or  three  reddish  transparent  frag- 
ments were  seen  (quartz  and  some  brown  flakes)  which  reacted 
strongly  for  manganese. 

The  result,  calculated  to  100,  shows : 

Hygroscopic  water,          .         .         .         .         .         ,  1.50 

Volatile  matter, 26.18 

Coke, 72.20 

Ash, 0.12 

100.00 

The  ultimate  analysis  of  0.3000  gr.  gave : 

0.8375  CO.^, =  0.2284  C, 

0.0970  HjO, =  0.0108  H. 

0  0220(NHj2PtCl6, =0  00133  N. 

In  these  values  is  included  the  hygroscopic  water  =  1.66  per 
cent. 

Sulphur  was  not  detected. 

Let  now  the  hygroscopic  water  be  deducted,  and  we  have: 


Carbon, 
Hydrogen, 
Nitrogen, 
Oxygen, 
Ash,     . 


=  77.06 
=  3.46 
=  0.45 
=  18.91 
=    0.12 

100.00 


The  atomic  ratio  is  C  :  H  :  O  =  12.84  :  6.92  :  2.36  ;  very  nearly 
the  empiric  expression  CjgH^O^. 

Conclusions. — 1.  Chemically,  the  coal  finds  its  place  among  the 
"  sand  coals/'  but  shows  less  hydrogren  than  any  of  the  analyses 
published  of  this  class.  It  has  no  relation  whatever  to  asphaltum, 
which  has  been  observed  a  number  of  times  in  mineral  veins. 
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2.  Genetically,  its  close  association  with  native  silver  is  of  much 
interest,  tendinoj  to  a  demonstration  ad  oculos  of  the  theory  now 
nearly  universally  hield  by  geologists,  that  organic  substances  have 
played  an  important  if  not  exclusive  role  in  the  reduction  of  this 
metal  from  its  salt  solutions. 

3.  Chronologically,  it  may  be  deduced  safely  that  this  organic 
substance  entered  the  vein  after  it  was  nearly  or  wholly  filled  by 
quartz,  since  this  latter  mineral  has  not  produced  an  impression 
upon  the  nodules,  but  on  the  contrary  these  lie  comparatively  loosely 
in  the  druses;  and  that  the  infiltration  of  saturated  calcium  carbo- 
nate solution  concluded  the  process  of  vein  building  by  crystalliz- 
ing compactly  around  the  carbon  nodules,  and  filling  completely 
those  druses  into  which  it  found  entrance. 

4.  Geologically,  the  origin  of  this  organic  matter  must  unfortu- 
nately remain  unsettled  until  explorations  in  depth  may  show  its 
connection  with  Devonian  coal  seams,  or  oil  sandstones,  from  whence 
vapory  or  liquid  matter  may  have  been  carried  upward  by  gas  pres- 
sure. We  are  inclined  to  assume  this  hypothesis  as  most  probable  in 
the  premises,  notwithstanding  the  fact  that  in  composition  the  coal 
is  unlike  asphaltum,  the  usual  residuum  and  oxidation  product  of 
the  oily  hydrocarbons. 


TEE  CONDITION  OF  SULPHUR  IN  COAL.  AND  ITS 
RELATION  TO  COKING. 

BY   THOMAS  M.  DROWN,  EASTOIT,  PA. 

At  the  meeting  of  the  Institute  in  New  York,  in  February, 
1880,*  I  described  a  process  of  determining  sulphur  in  metallic  sul- 
phides, with  especial  reference  to  the  determination  of  pyrites 
in  coal.  The  process,  as  then  described,  is  as  follows:  A  solu- 
tion of  sodium  hydrate,  of  1.25  specific  gravity,  is  saturated 
with  bromine.  If  an  excess  of  bromine  is  used  it  must  be  neu- 
tralized by  the  addition  of  a  little  more  sodium  hydrate.  The 
pulverized  mineral  or  coal  is  moistened  with  25  c.c.  of  this 
solution  and  heated,  then  hydrochloric  acid  is  added  cautiously 
to  just  acid  reaction.  This  operation  is  repeated  with  another  25  c.c. 
of  the  alkaline  solution,  and  again  rendered  acid.  The  mixture 
should  be  kept  hot.     The  contents  of  the  beaker  or  dish  are  then 

*  Transactions,  American  Institute  of  Mining  Engineers,  vol.  viii,  p.  569. 
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evaporated  to  dryness  to  separate  silica  and  taken  up  by  dilute  hy- 
drochloric acid.  The  sulphuric  acid  is  precipitated,  with  the  usual 
precautions,  by  barium  chloride.  In  the  paper  referred  to,  determi- 
nations by  this  process  of  sulphur  in  coal  were  given,  which, 
although  agreeing  closely  with  one  another,  yet  fell  far  short  of  the 
total  sulphur  in  the  coal,  and  the  inference  was  that  the  sulphur  not 
oxidized  by  the  treatment  with  the  bromine  solution  was  an  organic 
constituent  of  the  coal,  and  could  only  be  determined  by  a  process 
which  would  oxidize  the  coal  completely. 

I  am  now  able  to  give  further  results  of  the  application  of  this 
process  to  the  analysis  of  coal  and  coke.  The  object  in  view  in  this 
investigation  was  to  determine,  if  possible,  the  effect  of  coking  on 
the  amount  and  condition  of  sulphur  in  the  coal.  Although  the 
results  in  this  regard  are  not  as  decisive  as  could  be  wished,  yet 
many  interesting  facts  have  been  noticed  in  the  course  of  the  work. 

The  coals  used  were  from  Pennsylvania  and  Virginia,  and  will  be 
simply  designated  by  letters.  Two  series  of  experiments  were  made. 
In  the  first  the  coke  was  made  in  the  laboratory,  in  platinum  cruci- 
bles; and  in  the  second,  "industrial  coke,'^  mkde  in  beehive  ovens, 
was  used. 

Iii  the  first  series  the  total  sulphur  was  determined,  by  way  of 
control,  by  fusion  with  alkaline  carbonates  and  nitre;  and  in  the 
second,  by  Eschka's  method  of  heating  the  coal  with  calcined  mag- 
nesia and  sodium  carbonate. 

FIRST   SERIES. 

COAL   A. 

Proximate  Analysis.  Analysis  of  Ash. 

Moisture,         .        .         .         0.75        Silica,      ....  47.74 

Volatile  matters,     .         .       15.35         Aluminaand  oxideof  iron,  34.17 

Fixed  carbon,          .         .       66.10        Lime,      ....  7.61 

Ash,         ....       17.80         Magnesia,        .         .         .  0.98 

Sulphuric  acid,        .         .  5.30 


100.00  95.80 

The  small  quantity  of  ash  used  for  this  analysis  is  doubtless  the  cause  of  the 
imperfect  result. 
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1.764 
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1.290 
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COAL   B. 


Proximate  Analysis. 

Moisture, 

8.48 

Volatile  matters,     . 

25.55 

Fixed  carbon, 

66.63 

Ash,         .... 

4.34 

Analysis  of  Ash. 
Silica,  ....  28.89 
Alumina  and  oxide  of  iron,  65.92 
Lime,  ....  2.49 
Magnesia,  .  .  .  0.57 
Sulphuric  acid,        .         .        2  02 


100.00 
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COAL 

C. 

Proximate  Analysis. 

Analysis  of  Ash. 

Moi?ture, 

1.16 

Silica,          .... 

60.94 

Volatile  matters,     . 

33.08 

Alumina  and  oxide  of  iron, 

32.86 

Fixed  carbon, 

6L81 

Lime,           .... 

1.75 

Ash,         .... 

3.95 

Magnesia,  .... 

0.10 

Sulphuric  acid,  . 

2.28 

100.00 


97.93 
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It  has  been  recently  stated  by  Mixter*  that  bromine-water,  or  a 
solution  of  bromine  in  hydrochloric  acid,  fails  to  oxidize  all  the  sul- 
phur dioxide  produced  by  the  combustion  of  coal,  and  that  the  vapors 
should  be  carried  into  a  large  bottle  containing  bromine  vapors  be- 
fore they  are  allowed  to  escape.  I  have  found  also  that  a  final  large 
bromine  bottle  collects  a  very  small  amount  of  sulphuric  acid  after 
the  vapors  have  passed  through  a  solution  of  potassium  perman- 
ganate. A  coal  containing  0.721  per  cent,  of  sulphur  gave  0.009 
per  cent,  in  the  large  bromine  bottle,  and  another  coal  containing 
0.605  per  cent,  gave  0.024  per  cent.  In  the  following  experiments 
the  large  bromine  bottle  was  used,  and  the  sulphur  given  as  absorbed 
by  permanganate  solution  includes  the  small  amount  found  in  the  bro- 
mine bottle.  As  stated  in  a  previous  paper,  1  much  prefer  potassium 
permanganate  to  bromine  for  the  oxidation  of  sulphur  dioxide  or 
sulphuretted  hydrogen. 


*  American  Chemical  Journal,  ii,  396. 
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In  the  combustion  of  bituminous  coals  in  oxygen  explosions  fre- 
quentl}'  occur.  These  may  be  avoided  by  simply  diluting  the  oxygen 
with  atmospheric  air  to  the  extent  of  equal  volumes.  The  coal  or  coke 
can  be  best  ignited  in  the  tube  in  the  following  manner.  The  plat- 
inum boat  containing  the  coal  is  placed  just  within  the  tube,  which 
is  then  filled  with  oxvo;en.  The  cork  is  then  removed,  and  a  cjlow- 
ing  splinter  of  charcoal  placed  in  the  end  of  the  boat,  which  is 
quickly  pushed  into  the  middle  of  the  tube.  The  flow  of  oxygen  is 
at  once  resumed  and  the  coal  continues  to  glow  until  it  is  all  consumed. 
The  gas  in  the  combustion -furnace  is  kept  turned  low  until  the  coal 
is  nearly  consumed,  when  it  is  turned  on  to  a  good  red  heat. 

In  the  foregoing  experiments  the  coke  was  made  in  platinum  cru- 
cibles over  a  Bunsen  burner.  To  test  the  effect  of  coking  on  an  in- 
dustrial scale,  I  had  samples  taken  of  the  coal  which  was  put  into 
an  oven  and  of  the  coke  which  came  out.  This  was  not  done  under 
my  surpervision,  and  consequently  some  uncertainty  exists  as  to  the 
thoroughness  of  the  sampling.  The  following  are  the  results  obtained 
on  three  samples  of  coal  and  the  corresponding  coke  made  in  ovens. 

The  total  sulphur  was  directly  determined  in  these  coals  and 
cokes  by  Eschka's  method  of  heating  with  calcined  magnesia  and 
sodium  carbonate,  and  oxidizing  the  solution  in  water  by  bromine. 
This  is  much  to  be  preferred,  in  regard  to  simplicity  and  accuracy, 
to  fusion  with  alkaline  carbonates  and  nitre. 

SECOND    SERIES. 

COAL    E. 

Proximate  Analysis. 

Volatile  matters  (including  moisture),         ....       24.25 

Fixed  carbon, 70.51 

Ash,  6.24 

100.00 
Ash  in  coke,  5.41 


The  ash  determinations  in  this  coal  and  coke  indicate  imperfect 
.«5ampling. 
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SULPHUR   DETERMINATIONS   IN   COAL   G. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

M 

i 

=  1 

5  » 

a 
.2 

CO 

> 

a 

a 

In  residue  ft 
by    com  In 
in  oxygen. 

a 

2 

fl 
1— 1 

o 
H 

-.a 
s 

a 

o 

i: 

to 
1— I 

o 
H 

o 

h- ( 

0.129 

0.588 

0.018 

0.735 

0.749 
0.727 

0.042 
0.045 

0.791 
0.77-1 

0.759 

0.290 

SULP 

HUR  DETERMINATIONS  IN 

COKE   G. 

0.085 

0.516 

0.025 

0.626 

0.581 
0.605 

0.050 
0.016 

0.631 
0.6-11 

0.597 
0-590 

I  add  an  analysis  of  anthracite,  illustrating  this  method  of  treat- 
ment. 

ANTHRACITE. 

Analysis  of  Ash.   (5.11  per  cent.) 

Silica, 50.06 

Alumina  and  oxide  of  iron,         ......  44.22 

Lime, '    .         .  1.39 

JSl agnosia, 0  21 

Sulphuric  acid, 2.05 

97.93 

SULPHUR  DETERMINATIONS  IN   ANTHRACITE. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

By  Bromine  Mixture. 
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Total   by  fusion   with   so- 
dium carbonate  and  ni- 
trate. 

0.08 

0.485 

0.024 

0.589 

0.512 
0.534 

0.042 
0.040 

0.554 
0.574 

0.589 

No  calcium  sulphate  was  found  in  any  of  these  coals.  They  were 
tested  by  boiling  for  some  time  the  finely  pulverized  coal  with 
water  slightly  acidulated  with  hydrochloric  acid,  in  a  flask  from 
which  the  air  was  excluded  by  a  current  of  carbon  dioxide.     The 
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precaution  of  excluding  the  air  is  necessary,  since  pulverized  iron  py- 
rites boiled  with  water  (or  solution  of  sodium  carbonate,  as  has  been 
recommended  for  the  determination  of  calcium  sulphate)  with  access 
of  air  is  readily  oxidized,  and  the  water  reacts  for  sulphuric  acid. 

In  the  second  series  of  analyses  it  will  be  seen  that  there  is  in 
each  case  an  excess  of  total  sulphur  over  what  is  necessary  to  form 
pyrites  with  the  iron,  and  that  there  is  not  enough  sulphur,  as  deter- 
mined by  bromine,  to  form  pyrites  with  all  the  iron.  This  would 
seem  to  indicate  that  the  sulphur  is  present  in  these  coals,  both  as 
pyrites  and  as  an  organic  constituent  of  the  coal,  and  also  that  the 
iron  is  present,  both  in  combination  with  sulphur  and  with  silica 
or  other  inorganic  constituents  of  the  ash. 

The  foregoing  determinations,  while  they  are  insufficient  to  throw 
much  light  on  the  ejBPect  of  coking  on  the  condition,  or  the  elimina- 
tion of  sulphur  in  coal,  may  not  be  without  value  in  indicating  a 
new  line  of  investigation  of  coals  and  cokes. 

In  the  coal  A,  which  contains  sulphur  in  considerable  amount, 
both  as  metallic  sulphide  and  as  an  inherent  constituent  of  the  coal, 
and  which,  at  the  same  time,  is  low  in  volatile  ingredients,  it  would 
seem  as  if  the  elimination  of  sulphur  was  limited  to  a  portion  of  that 
existing  as  pyrites,  and  that  the  organic  sulphur,  if  we  may  so  call  it, 
was  not  affected  by  the  process  of  coking.  This  becomes  apparent 
if  the  percentage  of  sulphur  in  the  coke  is  calculated  on  the  basis  of 
the  amount  of  coal  required  to  make  the  coke. 

In  the  other  coals,  low  in  })yrites  and  higher  in  volatile  matters, 
there  was  an  elimination  of  the  organic  sulphur  to  the  extent  of  20 
to  45  per  cent.  It  would  be  interesting  to  determine  the  effect  of 
different  methods  of  coking,  and  of  the  duration  of  the  process  on 
this  elimination. 

If  we  admit  the  presence  of  organic  sulphur  in  coke,  it  is  probable 
that  no  plan  for  its  removal  could  be  effective  which  would  not  in- 
volve the  destruction  of  the  coke  itself.  In  the  method  of  analysis 
given,  we  are  able  to  distinguish  between  the  organic  and  inorganic 
combinations  of  sulphur  in  coke,  and  thus  to  determine  the  feasi- 
bility of  its  desulphurization. 

It  is  interesting  to  note  (more  especially  in  coal  A),  that  the  ash 
of  the  coal  which  has  been  burned  directly  in  oxygen  contains  much 
more  sulphur  than  that  from  the  same  coal  which  has  had  its  sul- 
phur, in  the  form  of  pyrites,  removed  by  bromine. 

The  analytical  determinations  in  this  investigation  were  made 
with  great  care  by  Mr.  P.  W.  Shimer. 
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A  SU3£3fER  SCHOOL   OF  PBACTIGAL  MINING. 

BY  HENRY  S.    MUNKOE,  ADJUNCT  PROFESSOR,  SCHOOL   OF    MINES,    NEW 

YORK   CITY. 

The  plan  of  organizing  a  summer  class  of  students  of  the  School 
of  Mines,  for  the  practical  study  of  mining  and  miner's  work,  re- 
ceived at  the  outset  the  following  cordial  indorsement; 

.  ..."  I  have  thought  over  the  plan  proposed  by  you  of  taking  the  students 
to  the  mines  during  the  summer,  and  of  having  them  actually  take  part,  under 
the  direction  of  skilled  workmen,  in  all  the  various  kinds  of  mining  work;  and 
of  using  them  as  a  corps  of  engineers  to  make  inside  and  outside  surveys,  par- 
ticularly with  a  view  to  the  detailed  study  of  the  geology  of  the  mine.  I  have 
no  hesitation  in  saying,  that  if  the  students  have  been  previously  instructed  in 
the  theoretical  part  of  their  studies,  by  lectures  and  practice  during  the  winter, 
the  plan  would  be  an  admirable  one.  Of  course  experience  will  suggest  modifica- 
tions of  detail.  From  the  work  you  have  done  at  our  mines  this  spring,  I  feel 
sure  that  you  would  be  perfectly  competent  to  carry  out  your  plan,  and  I  shall 
gladly  aid  you  in  any  way  I  can. 

"Yours,  sincerely,  E.  B.  Coxe." 

The  plan  of  the  proposed  summer  school  thus  indorsed  by  Mr. 
Coxe  was  adopted  by  the  trustees  of  Columbia  College,  and  an  ap- 
propriation of  one  thousand  dollars,  or  so  much  thereof  as  might  be 
necessary,  was  voted  for  the  experiment. 

A  volunteer  class  of  thirteen  students  was  formed,  and  the  first 
summer  school  was  held  at  Di;ifton,  in  July  and  August  of  that  year 
(1877).  The  following  extract,  from  an  editorial  notice  in  the 
Engineering  and  Mining  Journal,  of  August  11,  1877,  will  give  an 
idea  of  the  organization  of  the  school  and  the  work  required  of  the 
students. 


"  The  students,  on  reporting  to  Professor  Munroe,  were  divided  into  squads  of 
two  or  three  men  each,  and  on  Monday,  July  2d,  were  assigned  to  the  care  of 
skilled  miners,  selected  for  the  purpose  by  the  mine  boss,  for  instruction  in 
gangway  work.  Half  of  the  students  worked  in  the  morning  and  the  other  half 
in  the  afternoon,  one  squad  at  a  time  with'  each  miner.  The  times  of  going  and 
coming  to  and  from  work  were  so  arranged  that  each  student  spent  four  to  four 
and  a  half  hours  in  the  mine  each  day.  While  in  the  mine  they  assisted  the 
miner    to  load    his  car,  thereby  learning    readily  to    distinguish  '  slate  '  and 
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'bony'  from  good  coal,  even  in  the  uncertain  light  afforded  by  their  mine 
lamps.  They  were  also  instructed  in  the  use  of  the  drill  and  picl<,  boring  them- 
selves the  blast-holes,  judging  the  quantity  of  powder  required,  making  up  the 
cartridge,  tamping,  and  firing  the  shot.  On  coming  out  of  the  mine  each  squad 
was  required  to  make  a  written  report  of  the  work  done,  with  sketches  showing 
the  location,  direction,  depth,  etc.,  of  each  shot  tired,  and  the  effect  produced. 

"  Four  days  were  thus  spent  in  the  gangways  learning  the  rudiments  of  miners' 
work,  and  then  the  students  were  transferred  to  the  charge  of  other  miners,  se- 
lected by  the  mine-boss,  working  in  breasts  of  different  degrees  of  pitch,  spending 
one  or  two  days  with  each. 

"  From  this  time  on  less  importance  was  attached  to  manual  labor  on  the  part 
of  the  students  as  a  necessary  part  of  the  scheme  of  instruction,  though  most  of 
the  students  of  their  own  choice  still  continued  to  work  more  or  less.  The  prin- 
cipal advantage  gained  by  this  manual  work  was  the  breaking  of  the  ice  between 
the  student  and  the  miner,  placing  them  in  pleasant  relations  and  on  common 
ground,  the  student  for  the  time  becoming,  to  all  intents  and  purposes,  the  mi- 
ner's '  butty,'  and  to  be  treated  and  instructed  as  such. 

"Another  advantage  gained  was  the  knowledge  of  the  different  conditions 
having  influence  on  the  ease  or  difficulty  of  working,  and  thus  some  idea  of  the 
value  of  that  most  variable  quantity — a  day's  work. 

"  In  addition  to  their  work  in  gangways  and  breasts,  the  students  also  spent 
some  days  with  other  skilled  miners  in  setting  props  and  timbering  gangways, 
building  brattice  and  driving  airways,  laying  tracks  and  putting  in  switches  on 
mine  roads,  in  getting  coal  by  robbing,  in  artesian-well  boring  for  water,  boring 
by  hand  for  exploration,  etc. 

"  After  the  students  had  spent  in  this  way  about  twenty  days  at  different  kinds 
of  work  underground  and  in  the  '  breaker,'  subjects  for  more  detailed  study  and 
investigation  wore  assigned  them.  Each  student  having  chosen  his  theme,  spent 
the  remainder  of  his  time  in  collecting  material  for  a  memoir.  '  Underground 
Haulage,'  '  Ventilation,'  '  Mine  Pumps,'  '  Hoisting  Engines,'  '  Winning  of  Coal 
in  Breasts  of  Different  Degrees  of  Pitch,'  '  Artesian- well  Boring,'  'Breaking 
and  Sizing  of  Anthracite,'  *  Separation  ©f  Slate  from  Anthracite,'  '  Water-supply 
for  Boilers  and  for  Household  Use,  and  Washing  of  Coal,'  etc.,  were  among 
the  subjects  thus  assigned. 

"During  the  last  few  days  trips  were  made  to  several  mines  in  the  vicinity, 
at  Hazleton,  Ebervale,  etc  ,  spending  a  day  underground  in  each  case  with  the 
mine-bosses,  who  explained  in  detail  the  characteristics  of  their  mines  and  their 
methods  of  working.  Mr.  Coxe,  also,  during  their  stay,  gave  the  students  sev- 
eral informal  talks  of  great  {)ractical  value  on  the  mining  of  anthracite,  installa- 
tion of  machinery,  management  of  men,  necessity  for  scientiiic  bookkeeping,  dis- 
cussion and  analysis  of  mine  accounts,  etc. 

"  The  miners  and  the  mine-bosses  of  the  Cross  Creek  collieries  have  taken  great 
interest  in  the  expei-iment,  and  to  their  cordial  and  hearty  co-operation  in  the 
carrying  out  of  all  the  details  of  the  plan  is  due  in  no  small  degree  the  very  grat- 
ifying success  attained. 

"  It  is,  however,  to  the  interest  taken  by  Mr.  Eckley  B.  Coxe  in  this  new- 
departure  in  mining  education  that  its  success  is  in  a  large  measure  due,  for  he 
not  only  encouraged  the  idea  when  proposed,  but  placed  his  collieries — probably 
the  finest  in  this  country — at  the  service  of  the  school,  and  gave  such  instructions 
as  secured  for  the  student  a  favorable  introduction  to  the  miners. 

"  One  of  the  most  notable  and  prominent  features  of  this  effort  to  introduce  the 
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practical  element  into  the  studies  of  the  School  of  Mines  has  been  the  demonstra- 
tion that  the  students  are  not  '  a  nuisance  '  about  the  works,  but,  on  the  contrary, 
are  welcomed  by  the  miners,  and  are  found  to  make  no  trouble  or  interference 
with  the  work  of  the  colliery." 

The  experiment  having  proved  successful,  the  trustees  of  the  col- 
lege voted  to  make  the  summer  class  a  part  of  the  regular  course  of 
study  for  the  degree  of  Mining  Engineer. 

The  next  summer  (1878)  the  school  was  held  at  Mineville,  N.  Y., 
at  the  large  magnetite  mines  of  Witherbees,  Sherman  &  Co.,  and  of 
the  Port  Plenry  Iron  Ore  Company. 

The  session  of  1879  was  held  in  the  copper  regions  of  Lake  Supe- 
rior, with  headquarters  at  the  Atlantic  Mine,  near  Houghton. 

Last  summer  (1880)  the  field  of  operations  was  enlarged,  and  the 
time  devoted  to  practical  work  was  divided  between  the  DIckerson 
Mine  (magnetite)  of  the  Musconetcong  Iron  Company,  near  Dover, 
N.  J.,  and  the  mines  of  the  Westmoreland  Coal  Company,  near 
Pittsburgh. 

This  summer  (1881)  the  time  will  be  divided  between  the  copper 
mines  of  Keweenaw  County  and  the  iron  mines  of  Marquette  County, 
Michigan. 

The  plan  of  work,  as  it  has  developed  itself  in  these  four  sessions  of 
the  school,  begins  with  a  detailed  study  on  the  part  of  each  student  of 
the  plant  and  methods  of  working  at  the  mine  selected  for  the  sum- 
mer school.  The  students  for  this  purposeare  divided  into  squads  of 
two  or  three  men,  and  each  squad  is  assigned  to  the  care  of  a  skilled 
miner  and  given  each  day  some  one  subject  for  observation  and  study. 
To  aid  the  student  in  systematizing  his  work,  and  to  suggest  lines  of 
investigation,  he  is  provided  with  a  printed  scheme  of  study,  which 
he  is  expected  to  follow  in  making  out  his  daily  reports. 

The  following  scheme  of  study  was  used  last  summer  at  the 
Dickerson  Iron  Mine. 

DiCKERSON  Mine,  Febromont,  Morris  County,  N.  J.,  June  14tli,  1880. 

Each  student  of  the  summer  school  will  be  required  to  make  the  following 
reports : 

1.   Hand-drilling  and  Blasting. 

Description  from  actual  observation,  of  the  method  of  blasting  in  driving  a 
cross-cut  or  drift.     The  report  will  include  : 

1.  A  description  of  the  tools  employed,  illustrated  by  careful  sketches,  half 
size,  showing  form  and  dimensions  of  eacli  tool. 

2.  The  time  of  boring,  number  and  size  of  drills  used,  and  the  position,  direc- 
tion, and  depth  of  each  hole.  To  be  illustrated  by  drawings  of  the  heading  of 
the  drift  or  cross-cut,  on  a  scale  of  one-twentieth,  showing  in  three  projections 
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the  position  and  direction  of  each  hole  bored.  Holes  bored  during  the  night 
shift,  or  in  the  absence  of  the  student,  should  be  drawn  in  dotted  lines,  and 
the  order  in  which  the  holes  were  bored  should  be  indicated  by  numbering  them. 

3.  The  kind  and  amount  of  powder  and  of  tamping  used  in  each  hole,  and 
method  of  charging,  tamping,  and  firing. 

4.  The  reasons  for  the  location  and  direction  of  each  hole,  and  the  work  in- 
tended and  actually  performed  by  the  blast..  The  failure  of  any  blast  to  do  the 
work  expected,  and  holes  which  for  an}'  reason  have  to  be  abandoned,  should  be 
carefully  noted,  with  the  reason  for  such  failure  or  abandonment,  if  possible. 

5.  The  number  of  men  employed  at  the  work  and  duties  of  each  ;  number  and 
length  of  shifts;  amount  driven  during  previous  months,  and  average  progress 
of  drifts;  number  of  drills,  hammers,  shovels,  and  other  tools  required,  average 
number  of  drills  sharpened  per  day,  wear  of  steel,  consumption  of  powder,  oil 
or  candles,  etc. 

2.  Stoping  of  Ore. 

Description,  from  actual  observation,  of  the  methods  of  stoping,  including  the 
preparatory  sinking  or  drifting,  and  the  breaking  of  the  ore  by  machine  or 
hand-drilling  and  blasting  ;  illustrated  by  sketches  of  the  stope  in  horizontal 
projection,  with  longitudinal  and  cross-sections. 

Sketches  on  a  scale  of  one-twentieth,  showing  the  location,  direction,  and  depth 
of  several  consecutive  blast-holes,  with  description  in  detail  of  the  boring,  charg- 
ing, tamping,  firing  of  each  hole. 

3.  Machine  Drills. 

Description  of  machine  drills,  size,  weight,  pressure  of  air,  and  size  and  shape 
of  drilling-bits,  etc. 

Description  of  the  work  of  boring  one  or  more  blast-holes,  including  setting 
of  machine,  starting  of  hole,  feeding  of  drill,  changing  of  bits,  etc.  Give  time 
of  each  operation,  noting  delays  and  their  cause.  Number  of  holes  and  total 
depth  bored  per  shift.     Number  of  drills  blunted  per  day.     Wear  of  steel. 

4.   Timbering, 

Description  and  sketches  of  the  different  forms  of  timbering  used  in  the  mine, 
stulls  and  lagG;ing,  studdles,  etc 

Sketches  of  details  of  skip-roads,  showing  different  methods  of  supporting 
track-timbers  and  ladders  on  stulls,  etc. 

Sketches  of  timbering  of  slope  and  of  shafts.  Supports  of  ladders  and  pump- 
rods,  details  of  landing-stage  and  sollars. 

Arrangements  for  protecting  men,  machinery,  etc.,  from  blasts  and  falling 
rock — batteries,  pentice,  etc. 

Description  and  measurement,  illustrated  by  careful  sketches  and  from  actual 
observation,  of  the  work  of  putting  in  one  or  more  stulls;  including  cutting  of 
hitches  in  rock,  measuring  and  cutting  timber,  lowering  of  timber  from  surface 
and  handling  it  in  the  mine,  arrangement  of  tackle  and  hoisting  of  timber  to 
place,  and  wedging. 

Kinds  of  timber  used,  whence  obtained  ;  seasoned  vs.  green  timber;  stripping 
of  bark  ;  renewal  of  timber,  etc. 

6.  Pumps. 

Details  of  pumping  engines  and  of  pumps,  stroke,  diameter,  speed,  valve 
motion,  etc.     Sketches  of  pumps,  pump-rods,  bobs,  and*methods  of  changing 
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direction  of  rods.  Manner  of  connecting  and  supporting  rods.  Use  of  plunger, 
and  of  lift  or  jack-head  pumps.  Kepair  and  packing  of  pumps.  Pumps,  loca- 
tion and  size.  Gallons  of  water  pumped  per  day.  Use  of  steam  pumps  in  the 
mine,  support  and  covering  of  steam-pipes,  disposal  of  exhaust  steam. 

6.  Handling  of  Ore. 

Description  of  the  method  of  handling  ore  in  the  stopes,  including  the  getting 
down  of  ore  after  a  blast  with  pick  or  bar,  the  breaking  up  of  large  masses  by 
block-holing  or  sledging,  sorting  of  ore  from  rock,  loading  of  cars  or  barrows, 
dumping  into  skips,  etc.  Sketches  of  tram-car,  loading  platform  and  chute,  de- 
tails of  track,  turnouts,  and  switches,  etc. 

Description  of  hoisting  engines,  dimensions,  speed,  steam  pressure,  valve  mo- 
tion, gearing,  etc.  Construction  of  hoisting  drum,  diameter,  length  ;  number  of 
revolutions  per  minute,  and  to  hoist  from  bottom.  Description  of  brake.  Size 
and  character  of  wire  rope.  Tell-tales  and  signals.  Number  of  skips  of  ore 
hoisted  and  of  timber  lowered  per  day.  Speed  of  buckets,  skips,  or  cars.  Sketches 
of  skip,  and  self-dumping  devices.  Sketches  of  sheaves,  and  of  guide  rollers 
for  wire  rope,  on  surface  and  in  the  mine. 

Handling  of  ore  on  the  surface,  loading  of  cars,  breaking,  cobbing,  and  band- 
picking.     Transportation  to  market. 

Handling  and  disposal  of  waste  rock  underground,  and  on  the  surface. 

Sketches  of  whims,  poppet-heads,  and  other  surface  constructions. 

7.  Surface  Works. 

Sketch  map  showing  relative  position  of  surface  works,  shafts,  tunnels,  engine 

and  boiler-houses,   shops,  change-house  and  other  buildings;    railroad  tracks, 

switches,  turnouts,  etc.,  tramways;  lines  of  steam,  water,  and  air-pipes,  and  of 

surface  drainage.    Description  of  above  buildings,  roads,  etc.,  and  notes  on  source 

of  water-supply  for  boilers  and  for  household  use.    General  description  of  miners' 

houses,  number,  internal  arrangements,  etc.     Plans  of  change-house,  shops,  and 

other  buildings. 

8.  Shops. 

Sketches  showing  arrangement  of  blacksmith-shop,  machine-shop,  carpenter- 
shop,  etc.  Description  of  the  method  of  sharpening  and  tempering  drills,  picks, 
etc.  Sharpening  and  repairs  of  bits  of  machine  drills.  Work  of  machine-shop, 
repairs  to  pumps,  rock  drills,  and  other  machinery.  Carpenter-shop,  making  of 
ladders,  tram-cars,  and  miscellaneous  repairs.     Number  of  men  required,  etc. 

The  following  scheme  of  study  was  prepared  for  the  use  of  the 
students  at  the  mines  of  the  Westmoreland  Coal  Company  after  the 
completion  of  their  work  at  the  Dickerson  Mines. 

Westmoeeland  Coal  Mines,  Irwin's  Station, 
Westmoreland  Co.,  Pa.,  July  12tli,  1880. 

Each  student  of  the  summer  school  will  be  required  to  make  the  following 

reports : 

1.  Shaft  Sinking. 

Description,  from  actual  observation,  of  the  method  of  blasting  in  sinking  a 
shaft.     The  report  will  include: 

1.  A  description  of  the  tools  employed,  illustrated  by  careful  sketches,  half 
size,  showing  form  and  dimensions  of  each  tool. 

2.  The  time  of  boring,  number  and  size  of  drills  used,  and  the  position,  dircc- 
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tion,  and  depth  of  each  hole.  To  be  illustrfited  by  drawings  of  the  bottom  of 
the  shaft,  on  a  scale  of  one-twentieth,  showing  in  three  projections  the  position 
and  direction  of  each  hole  bored.  Holes  bored  during  the  night  shift,  or  in  the 
absence  of  the  student,  should  be  drawn  in  dotted  lines,  and  the  order  in  which 
the  holes  were  bored  should  be  indicated  by  numbering  them. 

3.  The  kind  and  amount  of  powder  and  of  tamping  used  in  each  hole,  and 
method  of  charging,  tamping,  and  firing. 

4.  The  reasons  for  the  location  and  direction  of  each  hole,  and  the  work  in- 
tended and  actuallj'  performed  by  the  blast.  The  failure  of  any  blast  to  do  the 
work  expected,  and  holes  which  for  any  reason  have  to  be  abandoned,  should  be 
carefully  noted,  with  reason  for  such  failure  or  abandonment,  if  possible. 

6.  The  number  of  men  employed  at  the  work  and  duties  of  each  ;  number  and 
length  of  shifts ;  amount  sunk  during  previous  months ;  and  average  progress 
of  the  sinking;  number  of  drills,  hammers,' shovels,  and  other  tools  required, 
average  number  of  drills  sharpened  per  day,  wear  of  steel,  consumption  of  pow- 
der, oil  or  candles,  etc. 

2.  Drifting. 

Description  of  the  method  of  driving  entries,  "  bearing  in  "  or  undercutting, 
"  shearing,"  and  wedging.  Main  entries  and  cross  entries  ;  entries  on  the  ''  face  " 
and  on  the  "  end  "  or  "  butt  "  of  the  coal ;  advantages  of  double  entries.  Cross- 
cuts or  "  cut-throughs."  Section,  to  scale,  of  the  coal  seam,  showing  the  "  bear- 
ing in  "  seam  and  the  different  slate  partings.  Inventory  and  sketches  of  tools 
used  in  driving.  Description  of  work,  number  of  men  required,  length  and 
number  of  shifts,  progress  of  work  per  shift  and  per  month.  Time  required  for 
each  operation,  undercutting,  shearing,  breaking  down,  loading,  taking  up  bot- 
tom coal,  laying  track,  etc. 

3,  Mining  of  Coal. 

Description  of  method  of  getting  coal  in  the  rooms.  Sketch,  to  scale,  showing 
plan  of  room,  with  track,  posts  and  slate  heap,  stump,  ribs,  etc.  Breaking  down 
of  coal  by  wedges  or  powder  after  undercutting  and  shearing.  Precautions 
necessary  for  safety.  Manner  of  conducting  the  work  so  as  to  make  a  minimum 
of  fine  coal  or  dirt.  Separation  and  disposal  of  slate  and  fine  coal.  Number  of 
cars  loaded  per  day,  etc. 

Getting  of  coal  by  robbing.  Sketches  showing  method  of  attacking  ribs,  with 
subsequent  robbing  of  stumps  and  pillars.  Description  of  the  work  and  precau- 
tions used  for  the  safety  of  the  men  and  to  avoid  loss  of  coal.  Number  of  men, 
length  of  shifts,  and  amount  of  coal  obtained  and  lost. 

4.    Ventilation. 

Sketch  map  showing  the  course  of  the  air  through  a  section  of  the  mine,  loca- 
tion of  doors,  stoppings,  brattice,  crossings,  etc.  Sketches  showing  construction 
of  fans  employed,  and  the  passages  by  which  they  are  connected  with  the  air- 
ways of  the  mine.  Arrangement  for  reversing  the  ventilating  current.  Descrip- 
tion and  sketch  of  ventilating  furnace.  Details  of  doors,  stoppings,  brattice, 
air-boxes,  etc.  Methods  of  measuring  air  and  regulating  and  dividing  air-cur- 
rent.    Resum^  of  ventilation  law,  with  object  of  diflferent  requirements. 
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6.  Drainage. 

Description  of  the  different  methods  of  draining  the  mines.  Ditches  in  en- 
tries ;  firade  required,  etc.  Special  watercourses.  Draining  of  "  swamps  "  by 
siphons,  pumps,  or  water  cars  Pumping  of  acid  waters  and  method  of  protect- 
ing water-column  and  the  working  parts  of  the  pumps  from  the  action  of  the 
acid. 

6.   Timbering. 

Timbering  in  shafts,  entries,  and  rooms.  Sketches  showing  arrangement  of 
timbers,  manner  of  notching  and  wedging,  etc. 

7.    Underground  Haulage  and  Shipment  of  Coal. 

Description  and  sketches  of  cars,  size,  weight,  capacity,  etc.  Description  of 
different  kinds  of  track  used,  width  of  gauge,  size  and  weight  of  strap  iron  or 
rails,  etc.  Switches  and  crossings.  Maxinmm  and  minimum  grade  of  track  in 
main  and  cross  entries.  Hauling  by  mules  and  locomotives,  number  of  cars 
hauled  at  once  on  different  grades  and  on  different  tracks.     Organization  of  trips. 

Description  of  hoisting  engines,  dimensions,  speed,  steam  pressure,  valve  mo- 
tion, gearing,  etc.  Construction  of  hoisting  drum,  diameter,  length,  number  of 
revolutions,  and  time  required  to  hoist  from  bottom.  Speed  of  cage.  Descrip- 
tion of  brake.  Size  and  character  of  wire  ropes.  Tell-tales  and  signals.  Num- 
ber of  cars  hoisted  per  day.  Sketch  of  cage,  showing  safety  catches,  hood,  means 
of  holding  car  on  platform,  etc. 

Description  and  sketches  of  arrangements  for  screening  and  weighing  the  coal 
and  for  the  loading  of  railroad  cars.     Transportation  to  market. 

8.  Surface  Works  and  Shops. 

Sketch  map  shovs^ing  relative  position  of  surface  works,  entries,  shafts,  engine 
and  boiler  houses,  shops,  change-house  and  other  buildings;  railroad  tracks, 
switches,  turnouts,  etc.,  tramways  ;  lines  of  steam,  water,  and  air  pipes,  and  of 
surface  drainage.  Description  of  above  buildings,  roads,  etc.,  and  notes  on 
source  of  water-supply  for  boilers  and  for  household  use.  General  description  of 
miners'  houses,  number,  internal  arrangements,  etc.  Plans  of  change-house,  shops, 
and  other  buildings. 

Sketches  showing  arrangement  of  blacksmith-shop,  machine-shop,  carpenter- 
shop,  etc.  Description  of  the  method  of  sharpening  and  tempering  drills,  picks, 
etc.  Work  of  machine-shop,  repairs  to  pumps,  and  other  machinery.  Carpenter- 
shop,  making  of  tram-cars  and  miscellaneous  repairs.  Number  of  men  required, 
etc. 

About  four  weeks  was  required  for  the  detailed  study  indicated 
in  these  schemes.  By  this  time  the  student  is  familiar  with  the 
ordinary  routine  of  mine  work,  having  spent  from  two  to  four  days 
each  with  the  miners  engaged  in  sinking,  drifting,  stoping,  and  tim- 
bering, making  sketches  and  taking  notes  under  ground,  and  each 
afternoon  or  evening  reviewing  carefully  the  work  of  the  day  as  he 
makes  out  the  required  report.     In  a  similar  manner  he  has  exam- 
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ined  and  studied  the  plant  connected  with  the  mine,  pumps,  engines, 
etc.,  the  timbering  in  the  shafts,  slopes,  and  gangways,  the  ^hops 
and  other  surface  works,  and  has  followed  the  coal  or  iron  ore  from 
the  time  it  is  broken  down  by  the  miner,  till  it  is  finally  loaded  on 
the  railroad  cars. 

This  careful  and  detailed  examination  of  one  mine  finished,  the 
student  is  prepared  \vith  the  information  and  insight  thus  gained  to 
visit  other  mines  in  the  same  district,  for  the  purpose  of  studying 
variations  in  practice,  and  differences  in  plant  and  methods  of  work- 
ing, by  comparing  similar  work  as  carried  on  in  other  mines  and 
under  different  conditions.  A  week  or  ten  days  is,  therefore,  devoted 
to  excursions  to  neighboring  mines. 

Finally,  each  member  of  the  class  has  assigned  him  a  subject  for 
a  memoir,  either  the  description  of  the  plant  and  workings  of  some 
mine,  or  the  machinery  and  methods  of  a  stamp-mill  or  dressing 
works,  or  some  general  subject  connected  with  mining.  In  most 
cases  he  is  instructed  to  describe  in  greater  detail  some  one  or  more 
machines  or  methods  peculiar  to  the  place.  In  collecting  the  data 
for  this  descriptive  memoir  the  student  spends  about  two  weeks  at 
one  mine,  or  in  visiting  different  mines,  as  the  subject  assigned  him 
may  require;  the  class  being  divided  into  small  parties,  not  more 
than  two  or  three  men  at  a  mine.  The  memoirs  are  illustrated  by 
sketches,  tracings,  and  working  drawings,  and  have  in  most  cases 
been  compiled  with  great  care.  They  are  often  exceedingly  interest- 
ing and  valuable,  containing  much  material  descriptive  of  plant 
and  methods  of  working  at  the  mines  visited. 

Under  this  plan  of  work  it  will  be  seen  that  the  student  makes  a 
careful  and  detailed  study  of  at  least  two  mines,  at  first  with  the 
class  and  under  the  instruction  and  superintendence  of  the  professor, 
and  afterwards  at  another  mine  by  himself,  in  collecting  the  data  for 
his  memoir.  The  excursions  and  visits  to  other  mines  supplement 
this  detailed  study,  and  give  the  student  a  wider  view  of  the  practice 
of  the  whole  region. 
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ON  THE  USE  OF  SALT  COATING  IN  THE  MANUFACTUBE 
OF  IB  ON  AND  STEEL  WIBE. 

BY  CHARLES  H.   MORGAN,    WORCESTER,   MASS. 

The  process  of  wire  drawing  depends  upon  the  property  which 
certain  metals  possess,  termed  ductility,  which  is  defined  in  Brande's 
Dictionary  of  Science  as  a  property  in  consequence  of  which  metals 
may  be  drawn  out  at  length  without  interrupting  the  continuity  of 
their  constituent  parts.  As  defined  by  M.  Tresca,  it  is  the  property 
of  flowing  when  subjected  to  pressure,  and  is  termed  by  him  the  '^flow 
of  solids,'^  in  his  paper,  read  before  the  Academy  of  Sciences  in 
Paris,  November,  1865.*  In  the  simple  language  of  the  wire  shop, 
it  is  that  quality  in  certain  metals  that  permits  them  to  be  drawn  (or 
stretched)  out  through  a  tapering  hole  in  a  metal  block  or  die,  the  die 
being  more  dense  and  harder  than  the  metal  to  be  reduced. 

It  is  a  fact  well  known  to  those  skilled  in  the  art,  that  to  succeed 
in  drawing  iron  or  steel  wire,  it  is  of  the  utmost  importance  to  have 
thorough  lubrication,  as  a  lack  of  it  would  cause  abrasion  of  the  wire, 
or  of  the  walls  of  the  tapering  hole  in  the  die  or  plate,  and  quickly 
put  an  end  to  the  operation. 

In  drawing  coarse  or  large  sizes  of  wire,  say  -^-^  inch  diameter,  the 
pressure  upon  the  sides  of  the  tapering  hole,  where  the  wire  comes  in 
contact  with  the  die,  is  so  great  that  an  ordinary  lubricant  is  squeezed 
out  when  the  usual  reductions  in  size  are  made,  and  abrasion  takes 
place.  In  order  to  meet  this  difficulty,  and  secure  proper  lubri- 
cation, it  has  been  a  common  practice  for  years  to  apply  a  paste  made, 
of  rye  or  wheaten  flour,  or  lime,  to  the  surface  of  the  wire  to  be 
drawn,  and  when  the  paste  is  dry,  to  smear  the  wire  with  tallow  or 
grease ;  the  wire  is  then  ready  to  be  drawn,  the  dried  paste  serving 
to  prevent  the  lubricant  from  being  pressed  out  in  the  process. 

Some  years  since,  when  Bessemer  metal  came  largely  into  use  as 
material  for  wire,  the  writer  found  that  its  drawing  required  so  much 
more  power  than  iron  wire,  that  he  was  led  to  institute  a  series  of 
trials  to  ascertain  the  difference  in  power  required.  It  was  found 
that  Bessemer  wire  required  from  100  to  200  per  cent,  more  power 
to  make  the  same  reduction  in  sizes  than  soft  iron  wire,  the  difl^erence 
depending  upon  the  amount  of  carbon  and  other  chemical  constitu- 

*  Interesting  experiments  in  the  flow  of  metals  have  been  made  by  Messrs.  Hoopes 
&  Townsend,  of  Philadelphia,  in  cold-punching  iron,  published  and  illustrated 
in  the  Journal  of  the  Franklin  Institute,  of  March,  1878,  by  Mr.  David  Townsend. 
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ents.  The  diagrams  and  tables  accompanying  this  paper  will  indi- 
cate the  nature  of  some  of  the  trials  alluded  to. 

The  failure  of  the  coatings  in  common  use  in  drawing  Bessemer 
wire  led  to  the  inquiry:  Is  there  not  some  coating  that  will  endure 
this  increased  pressure?  and  trials  were  made  at  the  Avorks  of  the 
Washburn  &  Moen  Manufacturing  Company,  at  Worcester,  Mass.,  to 
ascertain  if  something  could  be  found  which,  in  combination  with 
the  flour  or  lime  paste,  would  adhere  with  sufficient  tenacity. 
Early  in  1878,  while  two  young  men  were  making,  with  dis- 
couraging results,  trials  of  various  substances  to  modify  the  lime 
coatins:,  one  of  them  said  to  the  other,  "  If  I  wanted  to  make  white- 
wash  stick,  I  would  put  some  salt  in  it ;  let  us  try  it.'^  Whereupon 
salt  was  used  and  found  to  make  the  whitewash  stick,  but  it  was  also 
found  that  unless  the  wash  was  quickly  dried  on  the  wire,  and  kept 
dry,  the  wire  would  be  corroded  with  rust.  Soon  after  it  occurred 
to  the  Avriter  to  use  a  hot  solution  of  lime  and  salt,  and  it  was  found 
that,  by  using  the  solution  at  a  boiling  temperature,  the  water  was 
quickly  thrown  oiF,  when  the  wire  was  taken  from  the  bath,  and  it  was 
only  necessary  to  keep  the  wire  in  a  warm,  dry  place  till  it  was 
drawn.  Salt  coating,  whether  combined  with  lime  or  otherwise,  has 
been  found  to  resist  any  pressure  that  steel  wire  of  the  highest  tensile 
strength  makes,  when  being  drawn,  upon  the  inner  surface  of  the 
die.* 

The  following  table  shows  the  powder  required  in  drawing  wire 
when  salt  coating  is  used  : 

TABLE  I. 

Showing  Power  Required  in  Wire  Dr arcing . 

I. 

Diameter  of  wire  before  drawing,  inch,     .        0.224 

Diameter  after  drawing,  inch, 01 91 

Area  before  drawing,  square  inch,     .     .     .        0.394 

Area  after  drawing,  square  inch 0.286 

Reduction,  per  cent., 27.3 

Length  of  taper  of  wire  in  die,      ....        0.280 
Power  to  draw  wire,  lbs., LOGO 


II. 

III. 

0.22G 

0.224 

0.197 

0.192 

0.401 

0.394 

0.301 

0.289 

24.9 

26.C 

0.290 

0.340 

3.054 

3.450 

*  Compare  a  paper  by  Prof.  C.  O.  Thompson,  "On  tlie  Action  of  Common  Salt 
and  other  Related  Crystalline  Salts  in  Wire  Drawing,"  p»ge  299. 
VOL.  IX. — 43 
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Composition  of  the   Wires. 

I. 

Phosphorus, 0.034 

Sulphur, 0.006 

Silicon, 0.031 

Manganese, 0.399 

Carbon, 

Sample  No.      I.  is  soft  Swedish  iron. 

"       No.    II.  is  American  Bessemer  steel. 
"       No.  III.  is  American  Crucible  steel. 


II. 

III. 

0.144 

0.114 

0.052 

0.025 

0.068 

0.209 

1.040 

0.461 

0.450 

0.860 

FORMULAS. 


Showing  Approximately  the  Relation  between  Quantities  Involved  in 

Wire  Drawing. 

V  =  Velocity  of  wire  before  entering  the  draw  plate  or  die. 
D  =  Diameter  of  wire  before  entering  the  draw  plate. 

A  =  Sectional  area  of  wire  before  entering  the  draw  plate. 

V  =  Velocity  of  wire  after  leaving  the  die. 
d  =  Diameter  of  wire  after  leaving  the  die. 

a  =  Sectional  area  of  wire  after  leaving  the  die. 
v^  =  Velocity  of  a  section  of  wire  inside  of  the  die. 
dj,  =  Diameter  of  this  section. 
a^  =  Area  of  this  section. 

^  =  An  element  of  the  tapered  surface  in  contact  with  the  wire. 
p  =  Mean  pressure  per  square  inch  on  the  tapered  surface. 
P  =  Total  pressure  on  tapered  surface. 
I  =  Length   of  taper  of  wire  in  the  die,  =  (nearly)   length  of 

centre  line. 
Q  =  Total  force  acting  on  the  wire  in  direction  of  motion. 
a°  =  Angle  between  the  tapered  surface  and  centre  line  of  wire. 
Fjn  =  Mean  velocity  of  the  whole  rod  in  passing  through  the  die. 
/  =  Coefficient  of  friction  in  the  die. 
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Fig.1. 


Fig.  2. 
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Assuming  the  same  density  for  diiferent  parts  of  the  rod,  we  have 

VA  =  t\  a^  =  va 1. 

Calling  Fm  the  mean  velocity  of  the  whole  rod,  we  obtain  from 
fig.  2 

From  equation  1  we  have 

VA 

^x    =   

«x 

and  by  substituting  this  value  of  v^  in  equation  2/we  obtain 

_    ^^^    r^'(^^  3 

We  have  furthermore  from  fig.  2 

—  =  -  and  a^  = ......     4. 

A        l,"  /,' 

And  by  substituting  this  for  a^  in  equation  3,  we  obtain 

h 
or  V^=  V- 5. 

At  last  from  fig.  2  we  have 

-  =  — 6. 

Iq        d 
and  by  substituting  in  5 

D 
V^=  V  — 7. 

d 

Taking  the  work  done  in  consideration,  we  obtain  from  fig.  1 

P  (sin  «  +  /  cos  f^)  V^  =  Qv 8. 

And  by  substituting  in  this  the  value  V^  as  found  in.  equation  7,  we 

have 

D 

P  (sin  a  +/cos  a)  V  —  =  Qv) 

d 
from  equation  1  we  have 

VA 

a 
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and  by  substituting  this  in  the  above  we  obtain 


D         QA 

P  (sin  «  +  /  cos  «)  — 


d  a 

A        D2 

But  ■  —  =  _; 

a  d^ 

hence,  by  substituting  in  above  equation  we  obtain 

QD 

P  (sin  «  4-/003  a)  = 


d 
From  fig.  1  we  have 

D-d 
sin  a  = 10. 

21 


and  cos  a  =  \    1  -< V 11 


By  substituting  the  values  of  sin  a  and  cos  a  from  equations  10  and 
11  in  equation  9,  and  by  a  slight  transformation  we  have 


P  = 


QD 


(D-d  .D-  d.  ' 

d< +/ 

I     2/ 


-(-) 


1       ,  ,     V    ....   12. 


The  following  Table  II.  is  obtained  by  assuming  the  coefficient  of 
friction  and  substituting  this  and  the  numerical  values  as  obtained 
from  Table  I.  in  equation  12: 


TABLE  II. 


LBS.  I.  II.  III. 

(    p  =  115,647  325,952  38(5,782 

Coefficient  of  friction /==  0.00  ^    F  =  21,105  62,745  85,886 

[fP  =0  0  0 

r    p  =  42,924  115,660  123,442 

«          "        "      /=0.10-^    P  =  7,833  22,264  27,404 

[fP  =  783  2,226  2,740 

f    p  =  32,607  88,969  92,092 

"          "        "      f^O.lb]    F  =  5,951  17,126  20,444 

[fP  =  892  2,569  3,066 

r    p  =  26,337  71,709  72,522 

«          *<        "       /•  =  0.20-^    F  =  4,806  13,804  16,100 

{fF  =  961  2,760  3,220 

[For  the  above  formulas  I  am  indebted  to  Mr.  Carl  Angstrom  and  Prof.  G.  I. 
Alden.] 
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COP  PEE  BEFINING  IN  THE  UNITED  STATES* 

BY  T.   EGLESTON,  PH.D.,  SCHOOL  OF  MINES,  NEW  YORK  CITY. 

The  materials  containing  copper  which  are  refined  in  the  United 
States,  are,  for  the  most  part,  the  native  coppers  of  Lake  Superior. 
Until  quite  recently  but  little  pig  copper  was  made  for  sale,  and  that 
came  principally  from  the  pure  sulphurous  ores  of  New  England 
and  the  South,  and  was  generally  sold  to  refineries  not  far  from 
the  ore  furnaces.  A  small  amount  found  its  way  into  the  market 
which  was  produced  either  as  the  by-product  of  the  treatment  of 
gold  and  silver  ores,  or  as  the  result  of  the  treatment  of  impure 
copper  ores  ;  but  both  these  grades,  on  account  of  the  impurities  they 
contained,  were  looked  on  with  suspicion,  and  were  not  sought  for. 
All  the  grades  of  pig  copper  are  sold  by  the  unit  of  copper  contents, 
a  great  reduction  being  made  in  the  price  when  impurities  are  present. 

There  are  at  the  present  time  only  three  works  which  treat  native 
copper,  the  two  of  the  Detroit  and  Lake  Superior  Copper  Company, 
and  the  works  of  C.  G.  Hussey  &  Co.,  in  Pittsburgh.  There  are 
a  few  works  which  smelt  sulphurous  ores  and  refine  their  pig;  be- 
sides these  there  are  a  few  small  works  where  pig  copper  is  refined 
only.  Some  of  these  purchase  black  copper,  refine  scrap,  or  simply 
refine  such  grades  of  ingot  copper  as  are  found  in  the  market,  but 
mostly  that  from  Lake  Superior,  for  the  purpose  of  getting  it  into 
such  shapes  that  can  be  handled  commercially  to  advantage,  such 
as  in  making  large  plates  or  high  grades  of  wire  for  electrical  pur- 
poses. A  number  of  such  works  are  situated  in  the  Naugatuck  Valley 
and  elsewhere  in  New  England.  The  recent  discovery  of  valuable 
ores  in  Arizona  makes  it  probable  that  within  a  few  years  the  re- 
fining of  copper  in  the  United  States  will  make  great  developments. 

Up  to  the  time  of  the  discovery  of  the  mines  on  Lake  Superior, 
only  a  v^ry  small  quantity  of  native  copper  had  ever  been  found, 
not  sufficient  to  justify  the  erection  of  works  for  its  special  treat- 
ment. It  had,  besides,  never  been  found  in  very  large  masses,  so 
that  the  discovery  of  great  blocks  of  it  presented  serious  difficulties, 
not  only  in  mining  it,t  but  in  bringing  it  into  a  merchantable  con- 
dition.    It  seemed  a  very  simple  process  to  melt  these  large  masses, 


*  Kead  at  the  Lake  Superior  Meeting:,  August,  1880. 

f  Transactions  American  Institute  Mining  Engineers,  vol.  vi,  page  2S2. 
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but  when  it  was  tried  it  was  found  that  even  when  they  were  reduced 
to  pieces  weighing  not  more  than  a  ton  each,  it  was  exceedingly 
difficult  to  get  them  into  the  furnace.  As  the  material  was  con- 
sidered to  be  pure  copper,  it  was  thought  that  the  single  operation 
of  melting  was  all  that  was  required  to  make  good  merchantable 
copper;  but  it  was  found  very  difficult  to  melt  the  masses,  when 
they  were  in  the  furnace,  and  with  the  best  methods  and  appliances 
known,  so  much  oxide  of  copper  was  formed  and  absorbed  that  it 
was  necessary  to  refine,  even  though  the  copper  charged  in  the  furnace 
consisted,  as  it  did,  mainly  of  pure  copper.  Such  a  large  loss  in 
the  slags  resulted  from  the  treatment,  that  the  commercial  solution  of 
the  problem  seemed  almost  hopeless.  It  is  to-day  more  profitable  for 
the  Calumet  and  Hecla  to  mine  and  smelt  a  four  and  a  half  per  cent, 
rock  than  for  the  mass  mines,  which  sometimes  have  blocks  of  hun- 
dreds of  tons  of  nearly  pure  copper,  to  extract  and  smelt  these  masses. 

The  history  of  the  attempts  to  smelt  the  ores  of  Lake  Superior 
has  never  been  written,  and  although  it  is  only  a  little  over  thirty 
years  since  the  first  successful  attempts  were  made,  it  is  not  easy  to 
collect  accounts  of  these  experiments.  I  have  therefore  been  at  some 
pains  to  gather  them  in  order  to  put  on  record  the  steps  which 
have  led  to  the  present  process. 

It  w^as  supposed  at  the  first  that  the  large  masses  of  copper  which 
were  found  on  Lake  Superior  must  be  treated  like  the  large  masses  of 
condemned  iron  castings,  and  that  they  must  be  fused  in  a  reverbera- 
tory  furnace;  but  the  difficulty  was  to  get  the  pieces,  which  were 
exceedingly  irregular  in  shape,  into  the  furnace.  No  doors  that  could 
be  built  would  answer  the  purpose,  so  in  1847  the  works  at  Balti- 
more built  a  reverberatory  furnace  with  one  side  almost  entirely  open 
and  a  small  door  on  the  other.  The  large  masses  of  copper  were 
introduced  on  the  open  side,  and  pulled  into  the  furnace  by  attaching 
chains  to  them  which  passed  through  the  small  door  on  the  opposite 
side,  and  were  there  attached  to  a  capstan.  The  charge  once  in  the 
furnace  the  side  was  built  up  and  the  operation  of  melting  was  con- 
ducted as  for  iron.  It  was  however  found,  as  the  result  of  this 
method  of  charging,  that  the  hearth,  which  should  be  smooth,  was 
always  more  or  less  torn  up  by  the  uneven  masses  pulled  over  it,  and 
even  when  it  was  protected  by  wood  or  small  ore,  was  so  much  dam- 
aged as  to  seriously  impede  the  operation  of  melting  and  refining.  The 
attempt  to  treat  the  co})per  in  this  reverberatory  furnace  was  therefore 
abandoned  after  a  few  months'  trial,  not  only  on  account  of  the  expense 
of  charging  the  furnace  and  the  labor  of  repairing  the  hearth,  but  also 
from  the  uncertainty  of  having  a  proper  hearth  after  it  was  charged. 
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In  1848,  before  the  works  of  C.  G.  Hiissey  &  Co.  were  built,  a 
charij^e  of  four  or  five  tons  was  melted  at  the  Fort  Pitt  Foundry  in 
Pittsburgh  in  an  ordinary,  cannon  furnace,  by  taking  down  the  side 
of  the  furnace  and  buikling  it  up  after  the  charge  was  in.  The 
cop])er  was  then  cast  in  pigs  in  a  sand  bed.  In  order  to  be  sure  of 
getting  all  the  copper  into  the  pig  bed  it  was  built  on  trestle-work. 
As  the  experiment  was  made  in  the  presence  of  an  excess  of  air,  a  large 
quantity  of  slag  was  formed,  at  the  expense  of  the  sides  of  the  furnace, 
which  was  very  rich  in  copper,  as  the  hearth  was  prepared  for  cast 
iron,  and  not  adapted  for  copper.  The  result  of  the  smelting  was 
the  formation  of  black  copper,  which  had  to  be  refined,  and  the 
whole  furnace  had  to  be  torn  down  to  get  the  rich  slag  out.  After 
one  attempt  it  was  so  manifest  that  this  style  of  cannon  furnace 
could  not  be  used  that  no  further  efforts  were  made  in  this  direction. 
It  was  then  proposed,  and  gravely  attempted,  to  smelt  the  masses  of 
copper  in  a  shaft  furnace  by  suspending  them  with  iron  chains  in  the 
centre  of  the  furnace.  Of  course  the  chains  broke  long  before  the 
copper  was  melted,  so  that  the  mass  fell  to  the  bottom,  bursting  out 
the  sides  of  the  furnace.  As  the  result  of  these  experiments  the 
smelting  of  masses  of  copper,  unless  cut  into  very  small  ])ieces  (an 
expense  which  the  price  of  copper  did  not  justify),  was  considered 
one  of  th.e  questions  almost  too  difficult  for  solution. 

Early  in  the  year  1848,  after  the  discovery  of  the  CliflP^Iine,  and 
before  any  other  of  the  Lake  Superior  mass  mines  were  worked  on 
a  large  scale.  Dr.  C.  G.  Hussey,  of  Pittsburgh,  one  of  the  owners, 
and  a  director  of  the  mine,  endeavored  to  have  the  masses 
smelted  at  the  Revere  Copper  Works  at  Boston.  They  found  the 
ore  so  difficult  to  treat  at  these  works  that  they  charged  $80 
a  ton  for  doing  it.  The  attempts  previously  made  to  treat  it  at 
Baltimore  and  elsewhere  had  met  with  so  little  success,  that  it 
was  finally  seriously  proposed  to  smelt  the  masses  with  sulphur, 
or  sulphurous  ore,  to  reduce  the  metallic  copper  to  a  matte,  which, 
however,  was  never  done. 

Dr.  Hussey  determined  to  make  the  attempt  to  treat  the  ore  at  Pitts- 
burgh, and,  learning  from  a  German  that  large  furnaces  with  mov- 
able roofs,  supported  by  a  crane,  had  been  built  in  Germany  for  the 
cupellation  of  silver-lead,  engaged,  in  company  with  T.  M.  Howe, 
in  the  spring  of  this  year  (1848),  two  smelters,  William  and  Henry 
Johns,  of  Swansea,  Wales,  to  build  in  Pittsburgh,  for  the  Pittsburgh 
and  Boston  Mining  Company,  two  English  reverberatory  furnaces 
similar  to  those  used  in  Swansea  for  refining  copper,  but  with 
movable  roofs,  and  a  cupola  furnace/such  as  they  now  use  for  the  treat- 
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ment  of  the  slags,  which  they  did  in  that  year.  The  reverberatory 
furnace  then  built  was  in  every  respect  similar  to  that  now  used  by 
C.  G.  Hussey  &  Co.,  on  the  Monongahela  River,  except  that  it  was 
larger,  as  there  was  then  a  great  supply  of  ore,  and  the  first  casting 
was  in  every  respect  as  good  as  tliose  now  made.  Similar  furnaces 
were  afterwards  built  by  Dr.  Keener  at  Baltimore.  Some  years 
later,  about  1850,  the  Detroit  and  Lake  Superior  Copper  Com- 
pany was  formed,  and  after  coming  to  Pittsburgh  to  see  the  furnaces 
used  there,  built  theirs  after  this  model.  They  met  at  first  with 
but  indifferent  success,  but  finally  absorbed  into  their  company  all 
the  other  works  at  Hancock,  and  enlarg(Hl  their  own  works  at  Detroit. 
In  1850  J.  G.  Hussey  &  Co.  built  works  in  Cleveland,  which  were 
in  successful  operation  until  the  fall  of  1867.  In  1858  Park,  ISIc- 
Curdy  &  Co.  erected  two  ten-ton  furnaces,  after  the  Hussey  plan, 
and  two  small  ones  of  three  tons  capacity,  for  scrap,  exactly  like 
those  now  used  there  for  scrap.  The  large  one  ran  about  two  years 
on  ores  from  the  Coj)j")er  Falls  and  other  mines,  and  was  abandoned 
for  want  of  material  to  smelt  when  the  Detroit  and  Lake  Superior 
Company  enlarged  their  works.  Thoy  used  a  INIackenzie  furnace 
for  the  slags.  The  test  of  the  slags  was  to  break  and  rub  the  pieces 
together,  doing  this  frequently,  and  judging  by  the  eye  if  copper  was 
present.  In  December,  1862,  Park,  McCurdy  &  Co.  erected  a  Sie- 
mens regenerative  furnace*  for  refining  copper,  of  five  tons  capacity, 
which  worked  \ery  successfully,  but  finding  no  ores  available  since 
the  erection  of  the  works  at  Hancock,  and  also  finding  that  one  week's 
work  would  refine  all  the  scrap  and  old  copper  they  were  likely  to 
use  for  one  or  two  months,  they  decided  that  it  did  not  ])ay  to  let  the 
furnace  go  out  so  often,  and  therefore  abandoned  it.  No  other  Sie- 
mens furnace  has  to  my  knowledge  been  built  for  this  purpose  in  the 
United  States.  All  of  these  works,  except  those  of  C.  G.  Hussey 
&  Co.,  and  those  of  the  Detroit  and  Lake  Superior  Company,  gave 
up  the  use  of  these  furnaces  wdien  the  last  two  works  absorbed  the 
product  of  the  Lake  district. 

The  smelting  of  the  slags  was  first  introduced  in  Pittsburgh 
in  the  year  1851,  by  Warren  Billings,  who  procured  some  from 
a  waste  pile  and  smelted  it  secretly,  but  afterwards  disclosed  his 
process  for  a  large  (;onsideration.  The  slags  had  up  to  this  time 
been  thrown  away,  as  too  difficult  to  treat;  but  judging  from  pre- 
vious experience  in  copper  smelting  that  these  slags  must  contain  a 
large  quantity  of  copper,  they  were  secretly  procured  by  small  boat- 

*  This  is  believed     to   have  been  the  first  Siemens  furnace  erected  in    the 
United  States. 
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loads  at  a  time,  from  the  dump-pile  on  the  river,  and  treated  in  a 
small  experimental  furnace  erected  in  his  yard.  The  success  of  the 
enterprise  first  became  known  by  an  offer  to  purchase  the  slag-piles, 
and  a  contract  was  then  made  for  the  treatment  of  the  slag  in  a 
cupola  furnace,  which  was  essentially  the  same  as  that  now  used. 

From  these  simple  beginnings  both  the  furnaces  and  the  methods 
have  been  improved  until  it  is  doubtful  whether  copper  is  better  re- 
fined anywhere  than  in  the  United  States.  The  quality  of  the  prod- 
uct is,  it  is  true,  owing  in  large  measure  to  the  great  purity  of  the 
material  used,  but  it  is,  nevertheless,  true  that  American  copper 
commands  the  higliest  price  in  the  market. 

Though  they  were  not  the  first  refineries  erected,  the  works  of  the 
Detroit  and  Lake  Superior  Company  were  among  the  first  built,  and 
are  now  the  most  important  ones  in  the  country.  Almost  all  the  ex- 
periments and  improvements  which  have  been  made  in  copper  refin- 
ing in  the  United  States,  since  the  method  was  first  started  in  Pitts- 
burgh, have  been  made  there.  The  description  of  the  process  which 
is  given  does  not  apply  to  them  exclusively,  however,  though  many 
of  the  details  and  most  of  the  drawings  were  taken  from  there,  as 
the  method  in  all  the  works  is  generally  the  same;  but  most  of  the 
samples  analyzed  were  taken  from  the  works  at  Pittsburgh. 

The  works  of  the  Detroit  and  Lake  Superior  Copper  Company  are 
composed  of  two  different  establishments,  one  situated  below  Detroit, 
on  the  Detroit  River,  and  the  other  at  Hancock,  on  Portage  Lake, 
opposite  the  town  of  Houghton.  Together  they  have  twelve  rever- 
beratory  furnaces,  eight  at  Hancock  and  four  at  Detroit,  and  five 
cupolas,  three  at  Hancock  and  two  at  Detroit.  They  treat  the  stamp 
and  mass  copper  for  all  but  one  of  the  mines  both  in  the  Keweenaw 
and  Ontonagon  districts.  Seventy-five  per  cent,  of  the  copper  is 
smelted  at  Hancock  and  the  rest  at  Detroit. 

The  works  at  Hancock  (Plate  I)  are  contained  in  a  series  of  build- 
ings parallel  to  the  water  front.  The  furnace  houses  are  constructed 
of  stone;  the  other  buildings  are  of  wood.  There  are  two  furnace 
houses  containing  four  reverberatories  each,  and  *at  the  end  nearest 
the  Quincy  property,  three  cupolas  for  the  treatment  of  the  slags. 
The  whole  front  of  the  property  is  a  series  of  wharves  where  any 
vessel  that  can  enter  the  Portage  River  m^  dock.  The  plan 
shows  the  general  arrangement  of  the  works  and  all  the  cranes, 
shops,  and  buildings  connected  with  them.  At  Detroit  the  works 
are  constructed  in  two  buildings,  which  run  together  in  the  shape 
of  an  L.  The  dock  is  about  250  feet  long,  having  frontage  on 
the  Detroit  River.      On  the  water  front  are  two   cranes  for   lift- 


i 


COPPER   REFINING   IN   THE   UNITED   STATES.  683 

ing  the  heavy  masses.  The  rest  of  the  dock  is  devoted  to  tlie 
storage  of  '^  mineral/^  and  to  the  ingot  copper  which  is  waiting 
transportation  to  market.  In  front,  on  the  end  of  the  L  toward  the 
river,  are  the  two  cnpohis  for  treating  the  slags.  Behind  these  are  the 
engine-room  and  crusher,  with  an  open  space  for  storage  of  material. 
Behind  the  engine-room  is  the  blacksmith's  shop,  and  then  a  build- 
ing with  two  large  furnaces ;  on  the  other  side,  separated  by  a  short 
distance,  is  another  building  with  two  more  furnaces.  At  both 
works  the  cupolas  are  modified  Mackenzie's,  which  have  been  altered 
to  suit  the  exigencies  of  the  treatment  of  copper  slags.  The  rever- 
beratory  furnaces  treat  from  nine  to  ten  tons  in  twenty-four  hours. 
There  is  sufficient  frontage  on  the  Detroit  River  and  on  Portage 
Lake  to  dock  all  the  steamboats  and  vessels  which  arrive  with  sup- 
plies or  carry  off  the  products  of  the  works.  It  would  seem  bad 
policy  to  have  part  of  these  works  at  Detroit  and  part  at  Hancock. 
The  reason  why  they  are  so  situated  is  owing  to  the  fact  that  they 
existed  at  both  places,  owned  by  different  companies,  and  were  after- 
wards consolidated  in  one  interest.  The  ore  must  be  shipped  tp  De- 
troit from  the  Lake ;  the  fluxes  and  the  coal  are  near  at  hand,  and 
can  easily  be  obtained  by  rail  or  by  water.  A  supply  of  the  latter 
can,  therefore,  be  had  at  all  seasons,  but  the  ore  can  only  be  had  dur- 
ing the  season  of  navigation,  which  is  not  more  than  six  months  in 
the  year.  At  Hancock  all  the  flux  and  coal  must  be  transported  long 
distances,  and  a  stock  accumulated  sufficient  to  last  the  whole  winter 
season;  but  a  sufficient  stock  of  mineral  can  always  be  had  to  insure 
the  running  of  the  furnace,  the  ore  being  close  by.  It  would  seem 
that  Hancock  would  have  the  advantage,  since  it  is  so  near  the  sup- 
ply of  ore ;  but  at  Detroit  the  principal  part  of  the  expenses  not 
in  common  to  both  places  is  the  freight  on  the  mineral,  part  of  which 
would  in  any  case  have  to  be  borne  by  the  copper  if  produced  at 
Hancock.  The  amount  of  crude  material  which  is  not  copper,  car- 
ried to  Detroit,  is  comparatively  small,  so  that  it  is  actually  cheaper 
to  smelt  at  Detroit  than  at  Hancock.  The  works  at  Hancock  are 
situated  on  a  narrow  strip  of  land  between  the  Lake  and  the  hill, 
with  no  possibility  of  extension,  being  shut  in  on  one  side  by  the 
hill,  on  the  other  by  the  water,  at  one  end  by  the  Quincy  property, 
and  at  the  other  by  the  Franklin.  They  still  have  room  here,  how- 
ever, to  increase  their  smelting  capacity,  but  it  seems  to  be  only  a 
question  of  time  when  competing  railroads  shall  have  made  trans- 
portation cheap,  and  the  works  at  Hancock  shall  have  reached 
their  limit  of  capacity,  that  they  will  be  used  for  the  treatment  only 
of  the  material  that  will  not  bear  transportation,  such  as  tails  or 
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concentrates,  poor  in  copper,  like  Nos.  4  and  5  ;  and  the  rich  mineral 
and  large  masses  which  will  bear  the  expense  of  transportation  will 
be  treated  elsewhere.  It  may  be  that  the  time  will  come  when  the 
"mineral"  will  not  be  concentrated  to  such  an  extent  as  it  now  is, 
and  that  it  will  be  smelted  in  a  shall  furnace. 

t 

Most  of  the  masses  come  from  the  Ontonagon  district,  and  arrive 
at  either  works  by  water,  and  most  of  the  "n)ineral,"  as  the  dressed 
copper  is  called,  arrives  by  rail  at  Hancock  or  by  water  at  Detroit. 
The  prices  of  transportation  and  the  questions  of  freight,  which  are 
always  interesting,  are  here  matters  of  prime  importance,  for  the  dress- 
ing: works  of  the  mines  are  situated  in  four  different  wavs.     Some, 
like  the  Osceola,  the  AUouez,  and  others,  are  situated  directly  on,  or  a 
short  distance  from  the  Mineral  Range  Railroad,  and  have  no  other 
transportation.     Others,  like  the  Phoenix,  have  access  both  by  rail  or 
water  to  the  works,  being  situated  far  from  the  railroad  and  near  to 
the  water.     Others  still,  like  the  Atlantic  and  the  Calumet  and  Hecla, 
are  on  the  water  but  near  the  furnaces;  while  all  the  mines  of  the 
OntonagOTJ  district  have  only  water  transportation.    The  Calumet  and 
Hecla  is  the  only  one  which  may  have  both,  as  it  has  its  own  rail- 
road from  Calumet  to  Torch  Lake,  and  could  transport  the  "  min- 
eral" back  to  Calumet  if  it  chose  to  do  so.     The  Mineral  Range 
Railroad  charges  fifty  cents  a  ton  for  freight;  wagon  carriage  by 
contracts  for  large  amounts  can  sometimes  be  made  at  about  the 
same  price.     The  Lake  freight  from  the  western  side  of  the  penin- 
sula to  Detroit  is  from  $3.75  to  $4  per  ton  according  to  the  situation 
of  the  mine.     From  Hancock  to  Detroit  it  is  $3.50  per  ton.     All 
the  supplies  brought  to  Hancock  come  as  return  freight  in  the  great 
vessels  which    carry  on    the    transportation    between  the  iron  and 
copper  regions  and  the  markets  of  the  East,  as  these  vessels  would 
otherwise  return  empty.     This  freight  is  always  at  a  minimum,  and 
is  always  the  subject  of  contract.     The  freightage  of  the  copper  is 
a   very  simple  question  in  summer  when  there  is  plenty  of  com- 
peting water  transportation.     The  copper  is  generally  carried  by 
boat  to  Chicago,  or  to  Buffalo,  and  shipped  by  rail  to  New  York. 
Only  that  required  for  consumption  at  or  near  Chicago  goes  there, 
the  larger  part  is  carried  to  New  York.     The  cost  of  this  transpor- 
tation varies  from  $6  to  $8  per  ton  of  2000  pounds.     In  the  winter 
there  is  but  one  outlet  and  that  is  by  rail,  access  to  which  can   be 
had  most  directly  over  the  ice  to  L'Anse,  and  thence  to  New  York 
by  rail,  at  a  cost  of  from  $24  to  $25  per  ton.    In  the  winter  of  1880-1 
about  1000  tons  were  shipped  in  this  way. 

The  disposition  of  the  works  is  such  that  the  vessels  arriving  with 
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supplies  and  those  taking  off  the  copper  have  docks  within  a  few  hun- 
dred feetof  the  furnaces  where  the  su)>plies  are  wanted  and  theco]iper  is 
produced.  The  docks  are  supplied  with  cranes  and  wa<j^ons  for  rolling 
the  material  directly  to  the  place  where  it  is  to  be  used,  or  for  lading 
it  upon  the  boat.  The  cranes  on  the  dock  lift  the  masses  upon  a 
wagon  ;  and  the  cranes,  either  the  over-liead  or  the  stationary  cranes 
at  the  refineries,  allow  of  their  being  charged  directly  into  the  furnaces 
with  the  least  possible  manipulation.  The  doors  of  the  furnace 
are  opened  and  closed  by  their  own  cranes. 

The  works  at  Hancock  have  a  large  and  convenient  laboratory, 
and  both  works  have  storehouses  for  containing  the  copjier,  etc. 
The  works  count  about  290  working  days  in  each  year.  In  1875 
the  works  at  Hancock  smelted  36,000,000  ]iounds,  and  sent  away 
14,000  tons  of  ingot  copper,  showing  a  yield  of  70  per  cent.  The 
capacity  of  both  works  is  between  28,000  and  30,000  tons  a  year; 
of  this  amount  about  four-fifths  are  sm'elted  at  Hancock,  and  the  re- 
mainder at  Detroit.    The  general  yield  is  between  70  and  80  per  cent. 

The  works  of  C.  G.  Hussey  &  Co.  consist  of  one  reverberatory 
refining  furnace,  one  reverberatory  furnace  for  the  treatment  of  rich 
slag,  and  one  ordinary  cupola  furnace  for  the  treatment  of  the  slags 
from  the  reverberatory  slag  furnace.  They  are  situated  on  the  Mo- 
nongahela  River,  above  the  first  dam,  so  that,  all  supplies  of  coal, 
etc.,  are  delivered  directly  at  the  works.  Their  position,  while  very 
adv^antageous  for  coal,  requires  a  maximum  transportation  for  the 
material  to  be  refined.  They  treat  almost  exclusively  the  ore  from 
the  mass  mines  in  the  Ontonagon  district. 

The  material  treated  in  the  furnaces,  if  it  is  in  very  large  pieces, 
is  called  a  mass.  If  in  small  pieces  not  too  large  to  be  packed,  it  is 
called  barrel  work.  These  terms  originated  at  the  mass  mines,  where 
large  masses  are  found  which  do  not  admit  of  packing,  and  the  small 
pieces  which  had  to  be  packed  in  barrels  were  therefore  called  barrel 
work.  If  the  material  is  the  result  of  dressing  it  is  called  mineral.  The 
barrel  work  and  mineral  are  delivered  at  the  works  packed  in  bar- 
rels. It  is  usually  designated  by  numbers  according  to  its  fineness. 
No.  1  comprises  all  the  barrel  work  which  does  not  ])ass  un<ler  the 
stamps,  and  also  the  large  pieces  which  are  found  within  the  mortar 
of  the  stamp  mill,  and  which  are  too  large  to  pass  through  the 
screens;  it  contains  96  per  cent,  of  copper.  No.  2  rs  about  the  size 
of  a  pea,  and  contains  92  to  96  per  cent,  of  copper,  and  7  per  cent, 
of  water.  No.  3  is  less  than  half  this  size,  and  contains  about  90  per 
cent,  copper,  and  10  per  cent,  of  water.  No.  4  are  slimes  which  contain 
from  40  to  60  per  cent,  copper,  and  from  15  to  20  per  cent,  of  water. 
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No.  5  are  also  slimes,  coming  from  the  tail  house,  rarely  containing 
more  than  40  per  cent.,  sometimes  less,  of  copper,  and  20  per  cent, 
of  water.  The  impurity  contained  in  Nos.  3,  4,  and  5  coppers  is 
mostly  iron,  which  comes,  for  the  greater  part,  from  the  wear  and 
tear  of  the  machinery  used  to  crush  the  ore.  It  is  said  that  some 
of  the  ores  contain  a  little  specular  iron ;  but  it  is  present  in  very 
small  amount,  if  at  all.  All  of  these  grades  are  produced  in  most 
of  the  conglomerate  and  amygdaloid  mines. 

The  mass  mines  furnish  beside  the  mass  copper  a  considerable 
quantity  of  barrel  work  and  very  little  mineral.  The  conglomerate 
mines,  on  the  contrary,  furnish  comparatively  little  barrel  work, 
which  is  usually  called  No.  1  copper,  while  the  most  of  their  product 
is  mineral,  which  is  so  fine  that  it  must  be  packed  in  barrels;  but 
the  method  of  packing  causes  no  confusion  in  the  names  used  for  so 
many  years,  and  now  a  part  of  the  technical  language  of  the  dis- 
trict. Some  of  the  conglomerate  mines  produce  no  No.  5  copper, 
for  the  reason  that  their  tailings  are  let  out  by  contract;  others  do 
produce  it  as  they  work  their  own  tailings.  The  percentages  of 
copper  contained  in  each  one  of  these  grades  differs  at  different 
mines.  As  a  general  thing,  the  ore  charged  in  the  furnaces  is  cal- 
culated to  yield  from  about  70  to  75  per  cent.  If  it  were  dried, 
however,  it  would  yield  as  high  as  80  per  cent.,  or  even  higher. 

At  most  of  the  mines  no  assays  of  the  ore  are  made.  The  books 
of  the  works  only,  give  the  results,  and  there  is  no  attempt  made  by 
the  miners  to  check  these  results  by  assays,  nor  is  any  revision  made 
of  them.  For  the  mass  mines  this  would  be  entirely  impossible, 
but  is  practicable  for  the  mines  which  concentrate  their  product.  It 
is  not  done,  for  although  there  is  from  time  to  time  a  great  deal  of 
dissatisfaction  felt  and  expressed  with  the  returns  of  the  smelting 
works,  all  the  investigations  that  have  been  made  go  to  show  that 
fair  returns  are  given  for  the  copper  sent.  There  is  a  singular  prac- 
tice of  weighing  the  copper  in  the  barrels  wet,  and  then  deducting 
the  weight  of  the  barrel,  counting  all  the  water  as  so  much  copper. 
A  few  rude  attempts  have  been  made  to  dry  the  mineral  before  pack- 
ing, but  the  practice  of  sending  the  wet  material  to  the  works  is  almost 
universal.  It  was  gravely  proposed  some  years  ago  to  take  the  specific 
gravity  of  all  the  masses,  and  so  calculate  the  amount  of  copper  they 
contained,*  but  it  was  not  carried  into  practice.  The  masses  are  cal- 
cined and  cooled  with  water,  and  the  loose  rock  picked  oft'  as  clean 
as  possible ;  they  are  then  weighed  as  copper.     Most  of  the  mines 

*  Bulletin  de  la  Societe  de  Plndustrie  Minerale,  1st  series,  vol.  viii,  page  259. 
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have  boys  picking  over  the  mineral  to  separate  the  silver,  but  very 
little  of  it  ever  gets  to  the  office,  and  but  little  of  it  is  found,  so 
that  all  the  Lake  copper  contains  more  or  less  silver,  which  injures 
its  quality  for  certain  purposes.  As  this  amounts  usually  to  from 
twelve  to  twenty  ounces  to  the  ton,  a  large  amount  of  silver  is  lost  in 
the  course  of  the  year;  but  the  quantity  is  too  small  to  be  separated 
by  metallurgical  treatment  in  this  country.  Much  more  might  be 
separated  from  the  mineral  by  very  careful  hand-picking,  but  there  is 
not  enough  of  it  to  make  any  very  rigid  examination  worth  while,  so 
that  most  of  what  is  separated  in  the  mines  is  sold  to  the  specimen 
dealers,  and  most  of  what  is  separated  in  the  dressing  works  goes 
into  the  pockets  of  the  boys,  a  very  small  quantity  to  the  office  of 
the  company,  and  the  rest  into  the  copper. 

The  crucible  assay  is  always  used  for  the  copper  coming  from  the 
mine.  The  slags  from  the  cupola  are  dissolved  in  concentrated  sul- 
phuric and  nitric  acid,  two  and  one-half  grams  being  taken  and 
boiled  until  the  fumes  of  sulphuric  acid  disappear.  It  is  then  fil- 
tered, the  iron  is  precipitated  by  ammonia,  and  the  copper  deter- 
mined by  the  color  test.  When  the  copper  ingots  are  assayed  it  is 
done  in  a  porcelain  vessel  on  platinum  strips,  a  method  which  is 
liable  to  give  too  high  results,  as  any  copper  detached  from  the 
strips  and  falling  upon  the  bottom  of  the  capsule  is  apt  to  become 
oxidized.  It  would  be  much  more  accurate  to  make  this  assay  in  a 
platinum  dish. 

THE   HEFINING   PROCESS. 

The  treatment  consists  of  a  refining  fusion  in  reverberatory  furnaces, 
producing  rich  scorias  and  pure  copper,  which  is  cast  into  cakes  if  it 
is  to  be  rolled  for  the  manufacture  of  sheet  copper,  into  bars  if  it  is 
to  be  made  into  rods  or  wire,  and  into  ingots  if  it  is  to  be  melted. 
The  Grasses  and  slags  are  treated  either  in  a  cupola  furnace,  which 
produces  a  poor  slag  and  a  black  copper,  as  at  the  Detroit  and 
Lake  Superior  Works,  or  are  first  treated  in  a  reverberatory  fur- 
nace for  black  copper,  which  is  smelted  with  the  ore;  the  rich 
slags  resulting  from  the  reverberatory  slag  treatment  are  smelted  in 
a  cupola  furnace,  producing  a  black  copper,  which  is  added  to  the 
first  black  copper  produced,  and  a  poor  slag,  which  is  thrown  away. 

The  fuel  which  was  originally  used  to  smelt  the  copper  was 
wood,  then  charcoal,  and  now  all  varieties  of  bituminous  and  anthra-* 
cite  coals.  Bituminous  coals  are  best  adapted  to  the  work,  but  an- 
thracite can  be  used  to  advantage  if  the  furnace  is  blown  at  a  slight 
pressure. 
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The  furnaces  in  which  the  refining  is  done  are  of  different  sizes  in 
the  various  works.  They  are  intended  to  hold  from  five  to  ten  tons 
of  melted  copper.  The  smaller-sized  furnaces  are  used  in  Pitts- 
burgh and  elsewhere,  the  larger  at  Lake  Superior  and  Detroit.  All 
those  which  treat  mass  copper  have  the  openings  in  the  roof;  those 
which  refine  scrap  or  ingot  do  not.  The  principal  dimensions  are 
given  in  the  table  below. 


HEARTH. 


Length  of  hearth, 

Width  at  bridge, 

"    at  charging 

door 

Widtli  at  working 
door    

Inclination 

Depth  below 
bridge  at  chang- 
ing door 

Depth  below  roof 
at  charging 
door  

Thickness  of  roof. 

Size  of  working 
door 

Size  of  charging 
door 

Size  of  movable 
roof  

Size  of  flue 


Lake  Superior. 
Ten  tons. 


14  ft. 
4  ft. 

8  ft. 

2  ft. 
5° 


2  ft.  6  in. 


4  ft. 
9  in. 


Pittsburgh. 

Park  Bros.  &  Co. 

Ten  tons. 


Pittsburgh. 

Park  Bror.  &  Co. 

Five  tons. 


12  ft.  10  in. 
6  ft.    9  in, 

9  ft.    9  in. 

Round. 

2-^ 


1  ft.  8  in. 


2  ft.  3  in. 
9  in. 


3  ft.  by  1  ft.     j        1  ft.  by  1  ft. 
2  ft.  by  1  ft.  6  in.  2  ft.  3  in.  by  1  ft.  6  in. 


Length 

Width.. 

Depth     of    grate 

below  roof. 

Dex)th     of    grate 

below  bridge  ... 
Charging  door.... 
Depth  of, ash-pit.. 


Length  next  fire- 
place  

Length  next 
hearth 

Width 

Height  below 
roof 

Height  above 
grates 


4  ft.  by  4  ft. 
1  ft.  by  2  ft. 


3  ft.  6  in. 

3  ft.  6  in. 

4  ft. 

2  ft.  6  in. 

I'^ft.  by  l^<^ft. 

4  ft.  6  in." 


4  ft. 

4  ft. 
3  ft. 

1  ft.  6  in. 

2  ft.  6  in. 


None. 
10  in.  by  1  ft.  8  in. 

FIREPLACE. 

6  ft.  9  in. 
4  ft.  9  in. 

2  ft.  6  in. 

2  ft.  3  in. 

10  in.  by  10  in. 

4  ft.  3  in. 


BRIDGE. 

6  ft.  9  in. 

6  ft.  9  in. 

1  ft.  3  in. 

1  ft.  3  in. 

2  ft.  3  In. 


11  ft.    3  in. 
3  ft.  10  in. 

7  ft. 

Round. 

70 


1  ft.  10  in. 

2  ft.    3  in. 

9  in. 

8  in.  by  11  in. 

1ft.  6  in.  by  1ft.  8  in. 

None. 
10  in.  by  1  ft.  8  in. 


4  ft. 

3  ft.  13^  in. 

2  ft.  10  in. 

2  ft.    2  in. 
11  in.  by  11  in. 

3  ft.  G  in. 


4  ft. 

4  ft. 
1ft.  l>0n. 

9  in. 

2  ft.  2  in. 


Pittsburgh. 

C.  G.  Hussey  &  Co. 

Five  tons. 


10  ft. 
4  ft. 

7  ft. 

3  ft. 
2°. 


2  ft.  6  in. 


4  ft.  2  in. 
9  in. 


2  ft.  by  1  ft. 

2  ft.  by  1  ft.  6  in. 

5  ft.  by  5  ft. 
1ft.  6  in.  by  1ft.  6  in 


4  ft. 
4  ft. 

4  ft. 

2  ft.  10  in, 
1  ft.  by  1  ft. 
4  ft. 


4  ft. 

4  ft. 
2  ft.  6  in. 

1  ft.  8  in. 

2  ft.  10  in. 


RATIO    BETWEEN    DIFFERENT    PARTS   OF    THE   FURNACES. 


Fireplace.... 
Pire-biidge , 

Hearth 

t'lue 


1 

.91 
4.5 

.166 


1 

.26 
3.(53 
.044 


1 

.36 
5.5 

.112 


1 

.625 
3.25 

.14 


Sometimes  each  furnace  has  its  own  stack  ;  sometimes  two  or  more 
furnaces  use  the  same  stack.    At  the  works  of  Park  Brothers  &  Co.,  at 
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Pittsburgh,  the  stacks  are  made  of  sheet  iron  (Figs.  1  and  4,  Plate 
III),  elsewliere  they  are  of  brick.  In  the  best  constructed  furnaces 
long  bars  and  beams  of  cast  iron  are  built  into  the  brickwork  of  the 
sides  of  the  furnace,  both  as  bearing  surfaces  for  the  tie-beams  which 
rest  against  them,  and  also  to  counteract  the  horizontal  thrust  which 
tends  to  crack  the  furnace  in  different  places.  The  furnaces  are  then 
tied  in  the  ordinary  way,  with  cast  or  wrought-iron  props  held 
together  by  bolts.  The  foundations  of  the  furnace,  the  outside  of 
it,  and  the  chimney,  are  built  of  red  brick,  and  last  a  very  long  time. 

The  ash-})it  of  all  the  furnaces  is  closed  with  iron  doors  (Fig.  4, 
Plate  II),  and  kept  closed,  excei)t  during  the  latter  part  of  the  dipping, 
when  it  is  necessary  to  freshen  the  fire.  Air  at  a  slight  pressure  is 
forced  into  it,  in  nearly  all  the  works.  The  hearth  of  the  furnace  is 
generally  elliptical  in  shape.  At  Park  Brothers  &  Co.,  at  Pitts^ 
burgh,  however,  it  is  rectangular,  but  rounded  at  the  corners  (Fig.  2, 
Plate  III).  It  is  inclined  from  the  bridge  towards  the  working-door, 
at  an  angle  of  from  two  to  eight  degrees,  rising  on  both  sides  so  as  to 
make  it  deepest  just  under  the  flue,  where  a  basin,  a  little  larger  than 
the  size  of  the  ladle,  is  made,  to  facilitate  the  removal  of  the  last 
traces  of  the  melted  copper.  The  working  door  is  at  the  opposite 
extremity  to  the  fireplace,  and  just  over  it  the  flue  rises  to  enter  the 
chimney.  The  position  of  the  flue  makes  it  certain  that  any  small 
quantities  of  air  which  enter  the  working  door  will  pass  directly 
up  the  chimney  and  will  not  oxidize  the  charge.  The  flue  is  gener- 
ally inclined  at  an  angle  of  about  f(;rty-five  degrees  and  enters  the 
brick  chimney  which  usually  stands  on  one  corner  of  the  furnace. 
As  this  flue  requires  to  be  inspected  and  repaired  quite  often,  its 
cover  is  made  of  six  bricks  laid  edgewise  on  iron  bearings  and 
clamped  and  wedged  together.  They  are  laid  on  the  flue  with  the 
iron  clamps  on  the  u{)per  side  so  that  the  bricks  touch  in  the  cross- 
section.  These  composite  bricks  are  then  carefully  laid  up  with 
mortar.  At  Park  Brotliers  &  Co.'s  works  the  flue  rises  vertically  over 
the  working  door,  and  passes  into  a  sheet-iron  chimney  which  rises 
through  the  roof  of  the  works. 

Between  the  fire  and  working  doors  on  the  long  side  of  the  furnace  is 
the  charging  door,  which  is  closed  and  luted  when  the  charge  is  made. 
The  frames  of  the  door  are  made  of  cast  iron,  filled  with  brick. 
They  are  counterpoised  and  slide  in  cast  iron  frames.  The  bridge 
in  the  Lake  Superior  furnaces  is  pierced  with  eight  holes,  one 
and  a  half  by  three  inches  {d,  Plate  II,  Figs.  2  and  3);  they  run 
nearly  across  the  bridge.  They  are  one  brick  lengthwise,  and  are 
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covered  by  one  brick.  These  holes  slant  upwards,  at  an  angle  of 
thirty  degrees.  The  air  enters  from  the  ash-pit;  its  direction  is 
given  by  an  iron  plate,  which  tnrns  the  air  into  the  channel,  d.  The 
quantity  to  be  admitted  at  any  one  time  is  regulated  by  the  lever 
on  the  outside  of  the  furnace  (e,  Fig.  4).  There  is  also  a  flue 
(/,  Figs.  2  and  3),  which  passes  on  the  back  of  the  fireplace  over 
the  roof  of  the  furnace,  entering  it  at  an  angle  of  about  fifty  de- 
grees, so  as  to  strike  the  air  coming  from  the  bridge  at  an  acute 
angle.  This  valve  is  controlled  by  the  lever  g  (Fig.  4).  These  flues, 
which  can  be  regulated  at  will, allow  of  the  entry  of  hot  air  whenever 
it  is  wanted,  either  to  burn  the  gases  or  to  oxidize  the  impurities  of 
the  copper.  These  valves  once  regulated  are  rarely  changed,  as  the 
conditions  of  the  fuel  and  of  the  furnace  are  likely  to  vary  but  little. 
In  order  to  charge  large  masses,  which  may  weigh  from  one  to 
ten  tons,  an  opening  is  made  in  the  roof,  shown  on  Plate  II,  Fig.  2. 
This  opening  is  closed  with  a  brick  cover,  built  into  an  iron  frame, 
and  supported  from  the  roof  by  a  chain  with  large  links  (Fig.  2  and 
Fig.  2  a).  The  chain  of  the  cover  is  attached  to  an  iron  wheel,  which 
rolls  on  an  iron  beam,  supported  in  the  side  wall  and  roof  of  the 
building.  The  frame  which  holds  the  brickwork  of  the  furnace 
cover  is  three  inches  wide,  and  is  larger  than  the  opening  in  the  roof. 
The  bricks  are  built  into  it  so  as  to  fit  the  frame,  and  it  projects  into 
the  furnace  about  two  inches.  At  Hancock  the  opening  in  the  roof 
is  four  by  five  feet,  which  is  a  little  smaller  than  the  size  of  the  bot- 
tom of  the  furnace-cover,  which  projects  two  and  a  half  inches  on  each 
side  over  the  roof.  It  is  raised  by  means  of  chains  attached  to  two 
iron  bars  on  either  side  (Fig.  2  a),  bent  so  as  to  receive  a  cross-bar 
in  the  centre,  which  has  a  bent  bar  (x),  at  right  angles  to  the  two 
lower  ones,  which  receives  the  hook  of  the  chain.  On  the  Lake,  in 
taking  off  the  roof-cover,  the  hook  of  the  crane  on  the  side  of  the  fur- 
nace is  attached  to  the  roof-chain  and  raised  about  a  foot.  A  hooked 
link  in  the  chain,  made  for  this  purpose,  is  then  raised  and  attached 
in  the  links  of  the  chain  above  so  as  to  leave  the  whole  roof-cover 
raised  about  a  foot.  The  crane  is  then  detached  and  turned  to  one 
side,  and  the  roof  is  rolled  back  beyond  the  furnace,  out  of  the  way, 
and  hangs  suspended  on  the  bar  overhead.  At  Pittsburgh  the  furnace- 
roof  is  carried  by  a  crane  to  a  hook  suspended  from  the  roof  behind  the 
furnace  and  is  left  hanging  there,  leaving  the  crane  free  to  lift  the 
masses.  These  methods  of  roof  suspension  are  much  more  convenient 
than  the  arrangement  first  used,  where  the  cover  was  raised  by  the 
crane  and  then  swung  to  one  side,  still  attached  to  the  crane,  while 
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a  second  crane  had  to  he  used  to  manipulate  the  masses.  Now  a 
single  crane  does  the  whole  of  the  work  ;  each  furnace  has  thus  its 
own  over-head  and  hand  crane.  When  the  furnace  is  full  the  roof- 
cover  is  rolled  back  over  the  opening,  raised  by  the  crane,  the  chain 
unhooked,  and  the  cover  lowered  to  its  place.  The  length  of  the 
chain  is  such  that  the  weight  of  the  roof-cover  does  not  rest  on  the 
furnace,  but  is  borne  by  the  iron  bar  at  all  times.  The  centre  of  the 
cover,  which  projects  below  the  bottom  of  the  iron  frame,  fits  the 
hole,  but  the  edges  project  over  upon  the  roof  The  lower  part  of 
the  cover  thus  projects  into  the  furnace  while  the  sides  of  it  do  not, 
and  remain  from  one  and  a  half  to  two  inches  above  the  roof.  The 
space  between  the  cover  and  the  roof  is  filled  with  clay  and  made 
tight. 

The  hearth  of  the  furnace  is  made  by  filling  in  carefully  with  mor- 
tar over  the  foundations  to  the  depth  of  about  three  feet,  or  better, 
by  throwing  a  brick  arch  over  the  foundations  from  fifteen  to  thirty- 
three  inches  in  height.  Over  this  rich  scorias  and,  on  Lake  Superior, 
tails  from  tiie  washing-machines  are  placed,  making  a  bed  of  from 
six  to  eiiHit  inches  thick  on  the  sides.  An  inverted  arch  is  then 
sprung  over  this,  which^  touches  the  lower  arch  in  the  centre.  On 
this  the  hearth  proper  is  placed,  which  is  made  with  sand  and  scrap 
copper.  In  order  to  put  in  a  new  hearth  the  furnace  is  heated  for 
twenty- four  hours  to  get  it  sufficiently  hot.  On-  the  naked  hearth 
two  to  three  feet  of  sharp  washed  river-sand  is  put  and  thoroughly 
calcined  until  all  the  water  is  driven  off  and  all  the  organic  matter 
is  burned  out  of  it.  It  is  then  brought  to  the  shape  required  with 
tools  made  for  the  purpose  and  beaten  down  with  a  maul.  The 
doors  of  the  furnace  are  then  closed  and  luted,  and  a  sharp  fire 
kept  up  for  about  twelve  hours,  the  temperature  being  raised  to  the 
highest  point  of  which  the  furnace  is  capable.  By  this  time  the 
sand  will  be  o-lazed ;  the  doors  are  then  taken  down  and  the  furnace 
is  allowed  to  cool  for  two  hours.  1000  to  1200  pounds  of  scrap 
copper  are  then  added,  which  melts  and  mixes  with  the  sand  at  a 
very  high  temperature,  and  the  furnace  is  allowed  to  cool.  AVhat- 
ever  copper  does  not  sink  into  the  hearth  is  ladled  out  as  quickly  as 
possible,  and  the  operation  is  repeated  two  or  three  times  until  the 
bed  is  from  ten  to  fifteen  inches  thick.  When  the  last  addition  of 
copper  is  melted  the  hearth  is  cooled  for  two  hours,  and  the  furnace 
is  then  ready  for  use.  The  hearth  is  always  made  to  slope  from  the 
bridge  towards  the  working  door  at  an  angle  of  from  two  to  eight 
decrees.     This  ano^le  must  be  such  as  to  make  it  certain  that  from  all 
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sides  of  the  furnace  the  last  traces  of  copper  will  flow  into  the  dip- 
ping-hole from  which  the  copper  is  ladled.  Bituminous  coal  is  gen- 
erally used  in  this  operation. 

I  give  below  the  analysis  of  an  old  furnace  bottom,, from  Pitts- 
burgh : 

Copper, 31  76 

Sesquioxide  of  iron,  ......       3.71 

Oxide  of  manganese,  ......      trnce 

Load, 0.16 

Lime,        .........       1.05 

Magnesia,  ........       0.12 

Alumina, .         .         .       3  83 

Silica, 58.91 

99.54 

One  of  the  most  recently  constructed  furnaces  at  Detroit  has  a  water- 
back  on  the  side  of  the  hearth  opposite  the  working  door,  or  at  the 
back  of  the  furnace.  The  water  for  this  purpose  comes  from  a  large 
tank  beside  the  furnace,  and  the  hot  water,  as  it  runs  out,  is  returned  to 
the  tank,  the  volume  of  water  in  the  tank  being  sufficiently  large  to 
allow  of  using  the  same  water  over  and  over  again.  One  course  of 
brick  only  was  laid  over  the  water-back  ;  with  this  modification 
the  furnaces  work  well.  With  Mount  Savage  brick  the  furnace  at 
Pittsburgh  runs  six  months  without  repairs;  then  the  roof  and 
sides  give  out.  On  Lake  Superior,  after  a  run  of  about  seventy  days 
the  roof-bricks  wear  out  and  slag  off  for  nearly  two-thirds  of  their 
length.  This  wear  is  caused  by  the  melting  off  of  the  bricks  on  the 
inside,  owing  to  the  high  heat  and  to  the  fact  that  considerable  ash 
from  the  fuel  is  constantly  carried  by  the  flame  against  the  bricks. 
The  drops  of  melted  brick  falling  into  the  charge  can  be  seen  at  any 
time  that  the  copper  is  clean,  and  when  the  bricks  are  not  of  very 
good  quality  they  fall  quite  rapidly.  The  repairs  for  the  eight  fur- 
naces at  Hancock  occupy  altogether  about  two  weeks  per  month. 
They  require  for  repairs  in  the  course  of  the  year  about  150  M  brick, 
v/hich  cost  |80  at  the  works.  It  takes  about  three  months  to  get 
a  new. furnace  ready  for  working. 

As  soon  as  a  charge  has  been  taken  out  the  hearth  must  be  re- 
paired if  necessary;  if  no  repairs  are  required,  which  rarely  hap- 
pens, it  is  charged  at  once.  Usually  the  sides  of  the  furnace  are 
the  most  injured.  Tlie  holes  made  in  them  by  the  material,  which 
has  been  more  or  less  slagged  off,  must  be  filled  up,  and  the 
hearth,  which  has  become  rough,  must  be  beaten  smooth.  If  the 
holes  in   the  hearth  are   deep  enough  to  cause  the  formation  of 
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small  puddles  of  copper  there  may  be  danger  of  their  piercing  tlie 
hearth.  These  are  repaired  at  once  by  introducing  scrap  copper, 
which  cools  the  melted  copper,  causing  it  to  become  pasty,  and  thus 
fill  the  holes.  Small  holes  or  defects  in  the  bottom  can  be  repaired 
with  sand,  but  large  ones  must  be  dried  up  with  metal  and  tlien  re- 
paired with  sand.  If  the  holes  in  the  sides  are  large,  they  must  be 
filled  with  a  mixture  of  powdered  fire-brick,  and  clay  well  rammed  in. 
The  repairs  with  sand  are  made  with  an  iron  spadelle,  with  a  long 
iron  handle,  which  is  longer  than  the  whole  length  of  the  furnace. 
An  iron  bar  {v,  Plate  II),  with  an  opening  in  a  raised  place  in  the 
centre,  cut  out  to  fit  the  handle  of  the  spadelle,  is  placed  across  the 
middle  of  the  working  door,  and  the  spadelle  handle  is*placed  in  it. 
A  workman  brings  quartz  sand,  which  he  places  on  the  spadelle, 
from  a  pile  near  the  furnace.  The  long  tool  is  then  run  into  the 
furnace  and  the  sand  thrown  on  the  sides  wherever  it  is  "needed. 
When  all  the  back  parts  of  the  furnace  have  been  repaired  in  this 
way,  the  tool  is  withdrawn,  and  the  part  near  the  door  is  completed 
with  an  ordinary  shovel.  When  this  is  done  the  slags,  very  rich  in 
copper,  are  withdrawn  from  the  bottom  of  the  furnace,  cooled  with 
water,  and  taken  away  to  be  put  into  the  furnace  in  the  next  charge. 
The  bottom  of  the  hearth  is  then  made  smooth  by  filling  up  any  small 
holes  or  irregularities  with  fine  foul  slag  or  sweepings,  and  the  fur- 
nace is  ready  for  a  new  charge.  In  commencing  a  new  charge  the 
casting  basin  in  the  front  of  the  furnace,  under  the  flue,  towards 
which  all  the  copper  flows,  is  filled  with  charcoal  to  protect  it.  This 
charcoal  is  at  once  covered  over  with  mineral  or  scrap  to  keep  it  in 
position.  Generally  the  whole  bottom  of  the  furnace  is  covered  with 
mineral  before  another  charge  is  put  in. 

If  the  furnace  is  to  be  charged  with  mineral  the  charge  is  made  at 
once.  When,  however,  mass  copper  is  to  be  treated,  it  must  be 
allowed  to  cool  somewhat,  as  the  hearth  is  soft,  and  would  be  made 
irregular  by  the  weight  of  the  masses.  The  heat  of  the  interior  of  the 
furnace  below  and  of  the  cover  above  is  so  great  that  the  workmen 
could  not  endure  it,  for  one  man,  and  sometimes  two  or  three  are 
obliged  to  stand  on  the  top  and  to  work  through  the  open  roof,  re- 
ceiving all  the  heat  radiated  from  the  hearth  and  the  interior  of  the 
furnace,  and  althougli  they  are  assisted  by  men  below  working 
through  the  doors  at  the  side  to  direct  the  movement  of  the  copper 
to  the  proper  place  in  the  iiirnace,  the  work  is  both  difficult  and 
painful.  It  requires  a  great  deal  of  judgment  to  place  the  masseg, 
as  they  are   large,  heavy,  and  very  irregular  in  shape.      If  they 
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were  not  carefully  packed  the  furnace  would  be  full  and  still  leave 
a  hiroTQ  number  of  interstices.  Before  chara-inp;  these  masses,  mineral 
is  usually  placed  in  the  furnace  and  evenly  spread  out  over  the 
hearth  to  the  depth  of  several  inches,  and  if  the  masses  are  very 
large,  pieces  of  wood  are  placed  on  the  mineral  to  prevent  damage 
to  the  hearth,  as  well  as  to  have  a  space  to  draw  out  the  chains  by 
which  they  are  lowered  into  the  furnace.  As  the  masses  are  often 
longer  than  the  opening  in  the  roof,  they  have  to  be  swung  in  such 
a  way  that  they  can  be  tipped  down  at  one  end  through  the  roof 
and  then  slid  into  the  furnace.  The  large  sticks  of  wood  upon 
which  the  copper  rests  are  withdrawn  as  soon  as  each  mass  is  in  its 
proper  place.  The  very  large  pieces  are  stowed  away  first,  and  after 
these  the  smaller  ones.  Then  mineral  is  thrown  in  with  shovels 
wherever  it  will  go  until  the  full  amount  of  the  charge  is  in  the  fur- 
nace. When  all  the  charge  is  in  the  cover  is  brought  back  over  the 
opening.  It  is  lifted  by  the  crane  until  the  hook  can  be  taken  out; 
it  is  then  lowered  to  its  place.  The  weight  of  the  roof-cover  remains 
suspended  on  the  beam  above.  It  would  not  do  to  leave  the  heavy 
mass  of  the  roof-cover  on  the  roof  without  any  support,  as  it  would 
be  liable  to  crush  in  the  roof,  since  it  has  a  very  flat  arch  (Fig.  3. 
Plate  III).  Once  in  position  it  is  carefully  luted  with  clay,  and  any 
portion  of  the  charge  that  does  not  require  to  be  put  through  the  roof 
is  then  put  in  through  the  working  door.  It  takes  four  men  one  and 
a  half  hours  to  fill  the  furnace.  When  mineral  alone  is  charged  the 
roof  does  not  require  to  be  raised,  and  the  charge  is  more  rapidly  made. 
All  the  mineral  from  the  Keweenaw  mines  arrives  at  the  works  in 
barrels,  which  are  petroleum  casks,  20  inches  in  diameter,  and  3  feet  6 
inches  high,  and  are  always  saved.  They  are  recoopered  by  the  fur- 
nace company  at  the  expense  of  the  mine,  and  are  returned,  unless 
they  are  so  badly  damaged  as  not  to  justify  the  expense.  In  order 
to  do  the  least  damage  to  them  they  are  caught  by  chine  hooks,  and 
raised  by  a  crane  two  or  three  feet  from  the  ground.  The  heads 
are  carefully  removed  so  as  to  damage  the  barrel  as  little  as  possi- 
ble ;  the  contents  fall  on  the  floor  in  front  of  the  charging  door, 
and  the  barrels  are  sent  at  once  to  the  cooper  shop.  At  Pittsburgh 
no  care  is  taken  of  the  barrels;  they  are  broken  open  with  axes  as 
they  lie  on  the  ground,  and  the  wood  burned  to  smoke  the  moulds; 
but  it  takes  three  times  as  long  to  discharge  them  as  by  the  method 
used  at  Lake  Superior. 

The  furnaces  on  the  Lake  are  charged  at  about  1  P.M.      The 
charge  is  composed  of  ore,  rich  slags,  and  limestone,  which  is  used 
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as  a  flux,  and  has  been  cruslied  fine  in  a  Blake's  crusher.  Two 
wheelbarrows  of  it  are  charged  at  a  time.  It  is  mixed  with  the 
mineral  as  it  lies  in  front  of  the  charging  door  of  the  furnace  before 
charging,  and  is  thrown  into  the  furnace  with  it.  It  constitutes  6 
to  8  per  cent  of  the  charge.  From  six  to  eight  wheelbarrows  of  rich 
slag,  which  will  weigh  about  1500  pounds,  are  thrown  in  last.  These 
slags  often  contain  as  high  as  25  to  30  per  cent,  of  metallic  copper. 
The  charge  is  arranged  to  contain  between  eight  and  nine  tons  of 
ore,  which  will  yield  by  assay,  from  80  to  85  per  cent,  of  copper.  It 
takes  six  men  about  an  hour  to  make  a  charge  o'f  mineral.  The 
number  of  men  required  to  charge  the  masses,  and  the  time  required 
to  do  it  is  very  variable,  depending  on  the  difficulty  of  introducing 
them  into  the  furnace. 

The  following  is  the  analysis  of  a  slag  used  in  the  charge  at  Pitts- 
burgh : 

MECHANICAL   ANALYSIS. 

Metallic  copper, 8.2 

Siftings, 91.8 

100.00 

ANALYSIS    OF    THE    SIFTINGS. 

Protoxide  of  iron,           ........  7.71 

Copper, 18.78 

Oxj'gen  with  copper,      .         .         .         .         .         .         .         .  4.74 

Oxide  of  zinc,          .         . 0.26 

Oxide  of  nickel, 0.34 

Oxide  of  manganese,       ........  0.07 

Alumina, 13  48 

Lime,      ...........  10.25 

Magnesia, 2.10 

Silica, 41.07 


98.80 

The  fuel  used  on  Lake  Superior  is  a  lean  bituminous  coal  w^ith  a 
long  flame,  which  is  brought  from  Ohio.  At  Pittsburgh,  the  bitu- 
minous coals  of  that  district  are  used.  In  the  East  a  mixture  of 
bituminous  and  anthracite  coals  is  used,  and  to  some  extent,  anthra- 
cite alone.  From  3J  to  4  tons  are  consumed,  in  twenty-four  hours, 
in  each  furnace.  It  costs  on  the  Lake  from  $6.00  to  $6.50  per  ton, 
deliv^ered. 

At  Pittsburgh  the  furnace,  which  is  much  smaller  than  that  on 
Lake  Superior,  is  started  at  1  p.m.,  with  from  four  to  five  men.  The 
charge  introduced  in  the  furnace  is  14,000  pounds.  The  ore  used  is 
mass  and  barrel  work,  and  three  grades  of  stamp,  one  coarse,  and 
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the  others  very  fine.  When  mass  copper  is  used,  it  takes  three 
hours  to  make  the  charge.  The  fireplace  is  tlien  filled  with  fuel 
and  all  the  doors  luted.  Two  men  are  kept  at  the  furnace  during 
the  night  shift,  which  commences  at  6  p.m.,  to  keep  the  fire  and  look 
after  the  charge  in  the  morning.  At  the  end  of  an  hour  after  the 
ordinary  charge  of  stamp  ore,  the  fire  is  increased  so  as  to  bring  the 
heat  of  the  furnace  up  to  a  bright  red,  and  the  doors  are  luted.  The 
furnace  is  kept  at  this  heat  for  the  rest  of  the  day. 

When  the  operation  of  charging  has  been  performed,  the  w^orkmen 
engaged  about  the  furnace  check  the  weight  of  the  barrels  containing 
the  ingot  copper,  made  during  the  morning  ;  they  are  then  coopered 
by  the  coopers  of  the  w^orks  and  rolled  to  the  wharf  ready  for  ship- 
ment. When  the  work  is  done  before  the  end  of  the  shift  the 
men  go  home,  except  one  man,  who  watches  the  furnace  until  the 
night  shift  comes  on  at  6  p.m.  The  operation  is  divided  into 
three  parts:  fusion,  fining,  and  refining.  The  charging  and  fusion 
last  about  twelve  hours,  the  removal  of  the  slag  four  to  five  more. 
The  fining  takes  from  one  and  a  half  to  two  hours,  the  refining 
about  two  hours,  and  the  casting  two  hours.  The  furnace  will 
thus  be  about  twenty-two  hours  in  operation.  The  repairs  to  the 
hearth  and  to  the  rest  of  the  furnace  take  about  two  hours,  so  that 
only  one  charge  can  be  smelted  in  twenty-four  hours.  It  is  not 
always  economical  to  make  very  large  charges  in  a  furnace,  for 
while  most  of  the  furnaces  would  undoubtedly  contain  more,  the 
difficulty  of  keeping  in  the  copper  is  much  greater  with  a  large 
charge,  and  when  the  furnace  bursts  from  too  great  a  pressure  of 
melted  copper,  it  is  diflBcult  to  repair  the  damage  rapidly  enough 
to  prevent  loss.  If  the  break  is  small,  water  may  be  played  upon 
the  stream  of  copper  and  against  the  furnace  to  make  it  so- 
lidify, and  sand  packed  on  the  inside  where  the  break  occurs.  If 
the  break  is  large,  water  could  not  be  used,  as  it  would  cause  explo- 
sions and  projections  of  the  metal,  making  it  dangerous  to  go  near 
the  break.  In  such  a  case  plates  of  copper  and  slag  must  be  put 
against  the  break  on  the  inside  of  the  furnace  to  chill  the  metal  in 
the  crack,  and  sand  packed  in  it  on  the  outside.  The  furnace  should 
always  be  brought  to  its  heat  gradually,  so  that  the  whole  charge 
will  be  at  an  even  heat  at  the  same  time,  and  all  will  be  ready 
to  melt  together.  If  this  is  not  done,  and  the  temperature  of  the 
furnace  is  increased  too  rapidly,  the  upper  part  of  the  charge  will 
melt  and  cover  the  rest,  which  will  then  be  very  difficult  to  melt, 
and  wdll  cause  more  fuel  to  be  used.     To  produce  the  even  tern- 
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peratiire  necessary  to  make  the  clmrge  melt  uniformly,  the  doors  of 
the  furnaces  are  closed  and  luted  as  soon  as  the  charcre  is  introduced, 
and  the  furnace  slowly  heated  for  about  six  hours.  Two  men  take 
charge  of  each  furnace,  who  keep  up  the  temperature,  and  take  off 
the  slag  during  the  night;  they  make  four  to  five  skimmings  of 
slag.  The  fireplace  is  charged  every  hour.  The  damper  at  the  top 
of  the  chimney  is  kept  open  during  the  whole  operation,  except 
near  the  close  of  it,  during  the  refining,  when  it  is  necessary  to 
keep  the  temperature  exactly  the  same.  The  first  slags  are  drawn 
at  about  9  p.m.,  and  every  one  and  a  half  to  two  hours  afterward. 
This  work  is  done  by  the  night  men  who  come  on  at  6  p.m.  They 
draw  off  the  slags  with  a  rabble,  through  the  working  door,  which 
takes  about  ten  minutes  each  time.  This  rabble  is  made  of  iron  ;  it 
is  four  inches  high,  six  and  a  half  inches  wide,  and  has  a  handle 
twenty  feet  long.  It  is  run  into  the  furnace  door  over  a  skimming  bar, 
which  fits  into  sockets  (u.  Fig.  1,  and  3,  Plate  II)  cast  or  bored  in  the 
iron  plates.  Whenever  the  crasses,  which  are  very  thick  and  pasty, 
are  drawn,  a  plate  of  sheet  iron  is  put  up  between  the  workmen  and 
the  furnace  door.  Tliis  shield  rises  to  the  level  of  the  working 
door,  and  the  men  are  protected  from  the  heat  of  the  crasses,  which 
are  red  hot.  As  soon  as  they  are  out,  the  handle  of  the  rabble, 
which  is  red  hot,  is  straightened,  and  the  bath  covered  with  charcoal. 

On  Lake  Superior  the  slags  fall  upon  the  floor  of  the  works,  and 
are  cooled  with  water  in  order  to  render  them  sufficiently  brittle  to 
break  up  easily.  The  small  pieces  are  taken  away  as  soon  as  they 
are  solid,  in  wrought-iron  wheelbarrows,  the  large  in  slag  barrows 
(Fig.  13,  Plate  II),  made  for  the  purpose,  and  are  either  carried  di- 
rectly to  the  cupolas,  or  are  put  into  the  slag  bins  to  await  their  turn 
for  treatment.  At  Pittsburgh  the  slags  are  drawn  into  a  sand  bed  in 
front  of  the  furnace,  and  when  cool  taken  outside  the  works  to  un- 
dergo a  subsequent  treatment  in  a  reverberatory  furnace  previous  to 
the  cupola  treatment. 

The  casting- bed  is  made  in  three  parts,  and  the  bed  so  made  is 
called  a  "pair.^*  If  only  two  parts  were  made  in  the  bed,  the  cakes 
would  be  too  heavy,  and  if  four,  too  light;  besides  this,  there  is  only 
room  in  front  of  the  furnace  for  three.  At  11  p.m.,  another  skim- 
ming is  made  as  before;  the  door  is  now  again  luted.  Four  to  six 
skimmings  are  made  in  this  way.  They  do  not  always  take  exactly 
the  same  time,  sometimes  more,  and  sometimes  less.  After  every 
skimming  the  workman  feels  the  furnace  by  running  the  rabble  over 
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it,  and  when,  on  going  over  the  bottom,  he  finds  everything  is  melted, 
the  skimming  is  suspended. 

I  have  given  below  a  number  of  analyses,  made  since  1869,  of 
these  slags,  as  I  have  been  able  to  procure  them.  They  are  taken  as 
examples  of  refining  from  both  native  and  sulphurous  ores.  I  was 
not  allowed  either  to  take  or  obtain  a  recent  sample  of  slag  from 
Lake  Superior.  The  three  analyses  of  Lake  slags  were  made  in 
1869,  as  a  matter  of  metallurgical  interest.  All  the  other  analyses 
have  been  made  expressly  for  this  paper. 

What  was,  and  what  was  not  soluble  was  first  ascertained.  The 
analyses  of  each  of  these  was  then  made,  and  subsequently  the  an- 
alysis of  the  slag  as  a  whole. 

Albany  and  Boston.  Pewabic.  Isle  Royal. 

Soluble 27.87  14.40  17.59 

Insoluble 72.13  85.60  82.41 


100.00  100.00  100.00 


SOLUBLE    PART. 


Copper 29.14  61.27  17.59 

Iron 70.86  38.73  82.41 


100.00  100.00  100.00 


INSOLUBLE    PART, 


Protoxide  of  iron 15.63 

Suboxide  of  copper 

Lim^ 10.75 

Alumina 8.94 

Magnesia 8.18 

Silica 56.48 


18.47 

10.61 

5.14 

1.80 

10.90 

4.11 

15.88 

11.36 

2.67 

l.SO 

45.55 

70.43 

99.98  98.61  100.11 


When  these  slags  are  analyzed  as  a  whole,  they  contain  : 


Isle  Royal. 

Metallic  iron 19.69  5.57  16.34 

Protoxide  of  iron 11.18  15.86  8.74 

Copper 8.09  .                          13.12  2.73 

Alumina 6.40  13.59  9.36 

Lime : 7.69  9.33  3.39 

Magnesia 5.85  2.28  0.76 

Silica 40.89  38.99  58.05 


Albany  and  Boston. 

Pewabic, 

19.69 

5.57 

11.18 

15.86 

8.09      . 

18.12 

6.40 

13.59 

7.69 

9.33 

5.85 

2.28 

40.89 

38.99 

99.29  98.74  99.37 


The  average  of  these  three  samples  is  7.98  per  cent,  of  copper, 
which  is  much  lower  than  they  will  usually  average. 

The  following  determinations  of  copper  and  iron  were  made  on 
the  slags  from  Pittsburgh  : 
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1  2           3           4           5           6           7           8           9           10  11 

Copper 14.07  10.55  11.38  10.39      8.59  7.71  7.41  G.44  6.16  6.11  5.85 

Iron 12.33  15.11  15.61  13.49  12.38  15.76  17.99  15.61  12.23  12.33  13.36 

12  13         14         15         16         17          18  19         20         21  22 

Copper 5.26  5.08      4.94      4.48      4.14  3.63  1.52  0.03      0.91       0.63  0.56 

Iron 14.63  14.63  20.24  18.01  15.76  16.89  14.47  13.36  16.89  12.69  14.47 


It  will  thus  be  seen  that  the  percentage  of  copper  is  very  variable : 
one  has  between  14  and  15  per  cent.;  two  have  between  11  and  12 
per  cent. ;  one  has  between  10  and  1 1  per  cent. ;  one  has  between  8  and 
9  per  cent.;  two  have  between  7  and  8  per  cent.;  three  have  between 
6  and  7  per  cent. ;  three  have  between  5  and  6  per  cent. ;  three  have 
between  4  and  5  per  cent. ;  one  has  between  3  and  4  per  cent. ;  one 
has  between  1  and  2  per  cent.;  four  have  between  0.5  and  1  per  cent. 
These  slags  are  quite  rich,  there  being  only  six  out  of  the  twenty- 
two  below  4  per  cent.  This  makes  an  average  of  5.67  per  cent,  of 
copper.  There  is  but  little  variation  in  the  iron,  it  being  from  12  to 
20  per  cent. 

The  following  are  the  analyses  of  slags  treated  in  the  reverbera- 
tory  furnace  at  Pittsburgh.  They  were  taken  from  the  furnace 
at  intervals.  They,  like  all  the  refining  slags,  are  composed  of  a 
friable  part,  which  was  sifted  out  and  the  metallic  copper  deter- 
mined. 


MECHANICAL    ANALYSES. 

1 

2 

8 

4 

5 

Metallic  copper , 

Siftings 

3.40 
96.60 

0.00 
100.(,0 

3.37 
96.63 

0.51 
99.49 

0.00 
100.00 

100.00 


100.00 


100.00 


100.00 


100.00 


ANALYSES    OF    THE    SIFTINGS. 


Protoxide  of  iron 12.46 

Copper 4.82 

Oxygen  with  copper...  1.22 

Oxide  of  zinc 0.37 

Oxide  of  nickel 0.06 

Oxide  of  manganese...  0.05 

Alumina 15.71 

Lime 14.34 

Magnesia 4.07 

Silica 45.32 


98.42 


11.43 

12.01 

12.02 

10.53 

4.93 

5.05 

5.80 

5.44 

1.24 

1.28 

1.46 

1.37 

0.56 

1.52 

0.75 

0.43 

0.47 

0.18 

0.08 

0.04 

0.15 

0.13 

0.12 

14.52 

15.21 

14.48 

15.36 

14.75 

14.79 

15.25 

11.81 

3.99 

4.11 

3.90 

2.57 

46.94 

45.81 

44.66 

49.83 

98.40 


100.40 


98.63 


97.54 


The  following  are  analyses  of  refining  slags,  resulting  from  the 
treatment  of  sulphurous  ores  at  Ore  Knob: 


700 


COPPER   REFINING   IN   THE   UNITED   STATES. 


MECHANICAL    ANALYSES. 

No.  1.  No.  2.  No.  3. 

Metallic  copper 40.5  20.9  48.5 

Siftings 59.5  73.1  51.5 

ANALYSES    OF    THE    SIFTINGS. 

Oxide  of  copper 25.50  17.48  47.43 

Oxide  of  iron 44.54  42.24  17.33 

Sulphur 4.06  1.87  0.44 

Alumina 1.11  1.69  0.64 

Oxide  of  manganese...         0.10  0.22  0.08 

Lime 1.97  3.70  2.63 

Magnesia trace  0.71  0.33 

Oxide  of  cobalt 0.71  1.74  7.53 

Oxide  of  nickel 0.27  1.87  10.41 

Oxide  of  zinc 0.60  0.85  0.00 

Silica 21..38  27.89  13.47 

100.84  100.26  100.29 


No.  4. 

30.0 
70.0 


45.34 
15.53 
0-16 
0.90 
0.08 
2.89 
0.44 
1.56 
2.90 
0.20 
28.48 

98.48 


ANALYSES    OF    THE    REFINING    SLAGS    AS    A    WHOLE. 


No.  1. 


Metallic  copper 

Oxide  of  copper 

Protoxide  of  iron 

Sulphur 

Alumina 

Oxide  of  manganese 

Lime ?\. 

Magnesia 

Oxide  of  cobalt 

Oxide  of  nicl<el 

Oxide  of  zinc 

Silica 

100.51 

Total  metallic  copper 
contained 54.0 


No.  2. 


No.  3. 


No.  4. 


Six  hours  after 

2  A.M. 

After  first 

charging. 

7  P.M. 

Boiling  ceased. 

poling. 

40.50 

26.90 

48.50 

30.00 

15.19 

12.79 

24.45 

31.77 

26.r,0 

30.88 

8.91 

10.87 

2.77 

1.37 

0.23 

0.11 

0.66 

1.23 

0.33 

0.63 

0.06 

0.16 

0.04 

0.06 

1.17 

2.70 

1.35 

2.02 

trace 

0.52 

0.17 

0.31 

0.42 

1.27 

3.88 

1.09 

0.16 

1.37 

5.36 

2.03 

0.36 

0.62 

0.00 

0.14 

12.72 

20.39 

6.94 

19.94 

100.20 


38.26 


100.16 


70.0 


98.97 


58.21 


The  metallic  copper  is  in  grains;  the  oxide  of  copper  is  mostly 
combined  with  silica,  and  partly  free  as  oxide.  These  Ore  Knob 
analyses  are  remarkable  as  showing  a  concentration  of  cobalt  and 
nickel  at  certain  stages.  The  total  amount  of  slags  removed  from  a 
five-ton  charge  will  be  between  1500  and  1000  pounds,  and  in  about 
the  same  proportion  for  larger  ones. 

The  large  pieces  of  mass-copper  charged  upon  the  hearth  rise  up 
to  the  arch,  and  consequently  during  their  slow  fusion  go  through  an 
oxidizing  action.  When  the  whole  charge  is  fused  it  is  allowed  to 
remain  in  complete  fusion  for  two  hours  in  order  to  give  to  the  sco- 
rias  sufiScient  fluidity  for  the  grains  of  copper  to  separate.  This 
condition  is  maintained  until  the  slags  no  longer  rise.  The  copper 
is  then  ready  for  fining. 

If  a  sample  of  copper  is  drawn  from  the  furnace  at  this  time,  the 
surface  of  the  test  will  be  rounded  and  very  uneven.  The  surface 
will  have  the  appearance  of  a  rosette  with  a  more  or  less  vermicular 
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appearance  between  the  centre  and  the  rim.  The  amount  of  oxyo-en 
contained  in  a  sample  taken  for  the  purpose  was  found  to  be  0.72 
per  cent.  Most  of  the  slag  which  is  skimmed  in  the  ni^ht  is  sent  to 
the  cupolas.  The  little  that  contains  grains  of  copper  goes  back 
into  the  furnace  at  the  next  charge. 

The  air  which  enters  the  furnace  makes  oxides  of  the  base  metals, 
and  produces  a  certain  amount  of  oxide  of  copper  at  the  same  time. 
This  action  of  oxidation  is  not,  however,  energetic  enough  to  take 
out  all  the  impurities.  The  oxides  of  the  foreign  metals,  as  they 
form,  combine  with  the  silica  of  the  charge,  or  take  it  from  the 
sides  of  the  furnace  to  form  a  shig,  which  is  very  pasty  at  first,  as 
there  is  often  too  little  silica.  The  fusion  will  not  be  complete 
before  from  one  to  two  o'clock  a.m.,  so  that  there  will  be  several 
removals  of  slag  during  that  time.  The  scorias  which  form  will  be 
rich  in  copper,  some  of  them  containing  30  to  40  per  cent.  On  the 
average  they  contain  about  12  per  cent. ;  of  this  amount  from  3  to  6 
per  cent,  will  be  oxide,  and  from  3  to  8  per  cent,  copper  in  grains. 
The  fusion  and  oxidation  is  greatly  facilitated  on  the  J^ake  by  the 
openings  in  the  roof  and  bridge  which  allow  of  the  introduction  of 
just  enough  hot  air,  w;hich  has  not  passed  through  the  fireplace,  to 
effect  the  separation  of  the  impurities  as  oxides. 

The  test  taken  now  shows  the  copper  convex  in  the  middle,  with 
sproutings  of  copper  on  the  top,  so  as  to  give  it  the  appearance  of  a 
rosette.  It  has  an  irregularly  granular  fracture,  and  contains  from 
0.44  to  0.77  per  cent,  of  oxygen. 

Rabbling  is  commenced  usually  about  six  a.m.,  earlier  if  the 
furnace  is  ready,  or  later  if  it  is  not.  Up  to  this  time  the  furnace 
has  been  in  charge  of  the  two  night  firemen.  On  Lake  Superior  six 
and  at  Pittsburgh  four  melters  now  come  to  the  work,  two  of  whom 
work  at  the  casting,  and  two  at  the  side  door.  The  two  men  in 
front  are  called  the  furnace  men,  and  the  two  others  the  helpers. 
These  men  alternate  with  each  other  in  their  work  on  alternate  days, 
the  furnace  men  becoming  helpers  and  the  helpers  becoming  furnace 
men.  The  furnace  men  always  have  charge  of  the  furnace.  They 
rabble  from  one  to  one  and  a  half  hours,  or  until  by  a  test  the  metal 
takes  a  set,  or  is  deep  red  and  very  coarse  in  grain.  In  rabbling 
care  must  be  taken  not  to  plunge  the  rabble  deep  into  the  copper. 
If  this  is  done  the  copper  gets  over  the  head  of  the  rabble,  and  it  is 
very  difficult  to  clean  it  off  afterwards.  It  must  be  pushed  over  the 
surface  so  as  to  make  the  copper  splash,  but  not  splash  high.     The 
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men  work  alternately^  and  the  work  must  be  constant,  and  is  very 
severe  while  it  lasts. 

The  action  during  the  operation  of  rabbling  is  one  of  oxidation. 
To  insure  it  the  fire  on  the  grate  is  allowed  to  fall,  and  the  coal  is 
picked,  the  larger  pieces  being  used,  so  that  unconsumed  air  may 
pass  into  the  laboratory  of  the  furnace  through  the  interstices  of  the 
coal.  Air  is  also  allowed  to  enter  over  the  fuel  in  the  fireplace 
door.  In  the  furnaces  which  do  not  have  the  slide-valve,  openings 
are  often  made  in  the  sides  of  the  furnace  to  insure  the  necessary 
supply  of  air.  The  action  of  oxidation  should,  however,  not  be 
carried  beyond  the  certainty  of  having  a  small  amount  of  suboxide 
of  copper  dissolved  in  the  bath.  The  charge  when  ready  is  never 
allowed  to  lie  over,  and  the  day-men  are  notified  to  be  on  hand  when 
the  charge  is  ready,  and  they  remove  the  last  slag. 

Shortly  after  the  rabbling  commences,  tests  for  a  set,  or  to  ascer- 
tain the  quantity  of  suboxide  of  copper  dissolved  in  it,  are  taken  fre- 
quently. The  object  is  to  make  the  copper  as  dry  as  possible,  by 
causing  the  suboxide  to  form  and  dissolve  in  the  copper.  The  test  for 
a  set  is  taken  behind  the  rabble;  it  is  cooled  with  water  and  ham- 
mered on  an  anvil  to  flatten  it,  nicked  with  a  chisel,  and  broken 
with  a  hammer  in  a  vise.  The  first  one  usually  shows  shiny  grains, 
the  next  has  a  fine  grain  running  at  right  angles  to  the  surface,  the 
third  has  a  mottled  appearance.  As  soon  as  this  is  shown,  brands 
and  charcoal  are  thrown  in  and  the  heat  is  brought  up  to  commence 
poling.  All  of  the  test  pieces  taken  up  to  this  time  show  a  bubble- 
hole  in  the  centre  when  broken  through  the  middle.  The  test  is 
taken  in  an  assay  ladle  made  of  half-inch  iron  5  feet  long,  with  a 
knob  for  a  handle  1  inch  in  diameter  at  the  end.  The  ladle  is  forged 
out  of  the  other  end,  and  is  1 J  inches  in  diameter  and  J  an  inch 
deep,  rounded  on  the  bottom.  If  the  test  is  taken  before  the  metal 
has  taken  a  set,  the  metal  will  blow,  bubbles  rising  and  forming  a 
worm,  running  all  over  the  surface,  in  which  case  it  needs  more  rab- 
bling. If  the  set  has  taken  place,  the  test  is  concave,  which  shows 
the  absorption  of  suboxide  of  copper,  and  that  the  metal  is  now  dry, 
and  both  cold-short  and  red-short.  These  samples  are  always  broken 
in  two.  If  there  are  streaks  of  light  and  dark  in  the  broken  metal, 
the  rabbling  is  commenced  again  and  continued  until  the  broken 
test  piece  is  all  of  the  same  color. 

Whatever  slag  accumulates  during  the  intervals  of  rabbling  is 
carefully  removed,  but  if  it  has  been  properly  crassed  before,  there 
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will  be  but  little,  probably  not  more  than  from  50  to  250  pounds. 
Samples  taken  at  different  times  during  the  rabbling,  and  just  be- 
fore poling,  gave  the  following  results  : 

OXYGEN. 

12345678 

Immediately  after  melting 0.73  0.44 

Starting  to  rabble  0.99  0.45 

After  rabbling  half  hour 0.92  0.85 

After  rabbling  one  hour 0.91      0.77  1.38 

After  rabbling  one  and  a  half  hours  1.02  1.44 

After  rabbling  two  hours 1.03  0.90  1.52  1.3 

Before  commencing  to  pole 0.93      0.37       0.97  0.77  0.85      0.75 

In  the  intervals  of  rabbling,  and  from  this  time  to  the  end  of  the 
operation,  the  cast-iron  door  of  the  furn^ice  is  not  used;  when  it  is 
necessary  to  raise  the  temperature,  or  to  change  the  quality  of  the 
flame,  a  piece  of  refuse  sheet  copper  or  of  sheet  iron,  bent  at  right 
angles  at  the  top  so  as  to  be  readily  lifted  oflp  with  a  shovel  and 
put  to  one  side,  is  used. 

The  copper  now  contains  a  very  considerable  amount  of  suboxide 
of  copper  dissolved  in  it,  which  must  be  separated  before  the  metal 
can  have  any  commercial  value.  If  the  operation  has  been  properly 
conducted,  the  copper  is  very  dry,  and  is  both  cold  and  red  short. 

The  operation  of  poling,  which  is  the  commencement  of  the  oper- 
ation of  refining,  now  begins.  Its  object  is- to  reduce  the  oxide  of 
copper,  or,  as  the  refiners  say,  toughen  the  metal,  or  work  for  a  tough 
pitch,  which  is  done  rapidly,  because  the  only  foreign  material  is 
oxide  of  copper,  which  is  easily  reduced  by  the  carbon.  It  does  not 
take  more  than  one  to  one  and  a  half  hours,  during  which  time 
frequent  tests  must  be  taken.  All  the  slags  which  are  taken  off, 
during  either  rabbling  or  poling,  are  put  back  into  the  furnace  with 
the  next  charge.  It  will  now  be  about  eight  o'clock,  or  two  hours 
since  the  rabbling;  was  commenced.  The  surface  of  the  metal  is 
carefully  cleaned  and  covered  with  cord-wood  and  charcoal;  the  doors 
of  the  furnace  are  put  up  and  luted  for  half  an  hour  or  more  to  get 
up  the  heat  and  make  it  as  little  oxkllzing  as  possible.  The  sur- 
face of  the  metal  is  then  again  cleaned  and  covered  with  from  two  to 
four  bushels  of  charcoal  and  some  cord-wood,  so  that  the  whole  face 
of  the  metal  is  covered  with  them  floating  on  the  surface.  The  pole  is 
now  introduced.  For  this  purpose  hard  wood  is  generally  selected, 
usually  beech,  but  this  is  not  essential,  though  it  seems  to  be  the  best. 
Most  refineries  are  not  very  particular,  and  take  what  wood  they  can 
get,  which  is  of  .the  proper  size,  rejecting,  of  course,  the  very  light 
woods,  which  would  burn  too  quickly.  The  pole  is  from  G  to  10 
inches  in  diameter,  and  from  15  to  25  feet  long.  The  greener  the 
pole  the  better.    It  would  be  well  to  keep  all  these  poles  in  water  to 
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insure  a  sufficient  quantity  of  steam  to  n>ake  the  metal  boil.  In 
some  works  the  pole  is  supported  in  its  position  in  the  furnace  against 
the  top  of  the  working  door  above  by  a  crutch,  called  "  a  horse,"  made 
by  cutting  a  notch  out  of  a  board,  and  is  taken  down  by  removing 
the  horse  and  withdrawing  it  from  the  furnace.  Such  a  disposition  of 
the  pole  wears  away  the  arch  of  the  charging  door.  In  some  of  the 
furnaces  the  pole  is  for  this  reason  made  to  rost  against  an  iron  bar  (w, 
Plate  2),  placed  in  the  holes  {u,  Figs.  1  and  3)  made  in  the  supports 
in  the  side  of  the  working  door,  so  bent  that  the  pole  is  near  the  top  of 
the  door  without  touching  it.  The  crutch  is  best  made  of  inch  square 
iron,  3  feet  6  inches  long,  on  the  bottom  of  which  there  is  a  notch  11 
inches  wide  and  7 J  inches  deep,  and  on  the  top  one  9  inches  wide  and 
4J  inches  deep,  which  is  a  much  more  permanent  and  a  better  way 
of  supporting  the  pole.  Before  the  pole  is  put  in  a  test  must  be  taken. 
The  poling  is  usually  commenced  as  soon  as  the  heat  is  sufficiently 
high  to  be  sure  that  every  part  of  the  furnace  is  equally  hot  and  the 
charge  of  an  even  temperature.  Tests  must  be  taken  every  ten  to 
fifteen  minutes  during  the  whole  period  of  poling,  until  there  are  no 
black  specks  shown  on  the  surface  of  the  fracture  near  the  centre,  and 
until  the  assay  sample  shows  a  fibrous  texture  and  silky  lustre.  The 
grain  of  the  copper  during  the  operation  keeps  growing  finer  and 
finer  until  no  grain  is  seen,  and  it  is  then  silky.  Every  time  the  test 
is  taken,  the  pole  is  taken  down.  The  reason  for  this  is  that  a  fair 
test  cannot  be  got  when  the  metal  is  boiling.  Whether  the  pole  is 
to  be  put  up  at  once,  or  the  surface  skimmed  and  more  charcoal  in- 
troduced, de{)ends  upon  whether  there  is  any  slag  on  the  metal.  If 
there  is  any  it  must  be  removed  before  the  pole  is  put  up,  and 
about  the  same  quantity  of  charcoal  as  before  added.  The  pole 
may  be  put  up  four  or  five  times,  sometimes  six,  and  sometimes 
three,  depending  upon  how  the  copper  comes  to  nature.  The 
ebullition  from  the  pole  is  so  violent  that  considerable  material 
accumulates  around  the  working  door,  which  is  cut  off  with  a  long 
bar  when  the  pole  is  taken  down.  In  some  Avorks,  when  the 
grain  is  very  open,  about  1  to  IJ  pounds  of  lead  to  the  ton  of  cop- 
per is  added.  If  the  copper  is  very  difficult  to  refine,  the  lead  is 
added  about  the  middle  or  near  the  close  of  the  operation.  The  ob- 
ject of  the  addition  of  the  lead  is  to  make  an  easily  fusible  com- 
pound, which  will  tend  to  bring  the  oxides  and  other  impurities  to 
the  surface.  It  is  usually  added  when  the  copper  is  to  be  worked 
into  sheet  metal,  but  must  never  be  used  when  fine  copper  for  any 
other  purpose  is  to  be  made.     This  introduction  of  lead  into  the 
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copper  is  a  very  bad  practice.  It  makes  it  easy  for  the  refiner  to  work 
his  charge,  and  makes  the  copper  roll  easily,  and  most  refiners  are 
of  the  opinion  that  all  of  the  lead,  which  oxidizes  so  easily,  is  car- 
ried off  in  the  crasses,  but  this  is  not  so.  A  part  of  it  is  undoubt- 
edly oxidized,  but  some  of  it  still  remains,  as  the  analyses  always 
show  when  it  has  been  used.  It  makes  the  copper  of  such  inferior 
quality  that  it  cannot  be  used  for  certain  purposes.  It  is  a  matter 
of  habit  with  most  refiners,  and  should  be  peremptorily  forbidden, 
when  the  quality  of  the  copper  is  expected  to  be  high.  Some  re- 
finers use  lime  to  slag  out  the  oxide.  The  lead  is  introduced  on  a 
small  spatula  which  is  passed  over  the  surface  of  the  copper,  moving 
it  from  side  to  side,  and  backwards  and  forwards  over  the  charge, 
so  as  to  melt  all  the  lead  and  distribute  it  over  the  surface.  Not 
more  than  one  pound  for  the  ton  is  introduced  when  copper  shows 
brittle.  If  the  lead  were  all  introduced  at  one  time  in  a  single  lump 
it  would  sink  to  the  bottom,  and  might  corrode  it,  and  would  not 
be  evenly  distributed  through  the  charge.  If  it  should  all  go  in  one 
lump  it  would  make  a  hole  in  the  bottom  of  the  hearth.  As  soon 
as  the  lead  is  all  melted,  it  being  scattered  over  the  surface  of  the 
charge,  the  pole  is  put  up.  If  the  copper-  is  of  good  quality  to 
commence  with,  it  does  not  need  tlie  lead,  although  it  will  roll  a 
little  easier  with,  than  without  it.  I  have  seen  it,  however,  added 
to  the  best  Lake  copper  to  satisfy  a  prejudice  of  the  mill  men,  but 
many  mills  work  without  lead.  The  quantity  added  is  very  variable, 
and  when  the  copper  is  cast  into  ingots  it  does  not  appear  to  affect 
the  grain,  but  it  always  deteriorates  the  copper  when  it  is  to  be  used 
for  any  other  purpose  than  rolling. 

A  series  of  tests  made  just  before  and  after  the  introduction  of 
the  lead  gave  the  following  results: 

Oxygen. 
Just  before  putting  in  the  lead,      ......     0.58-U  55 

When  the  lead  was  added, 0  55 

After  ten  minutes  polinj:!;,        .......  0.56 

After  five  minutes  more  poling,      .         .          .         .    ■      .         .  0.44-0.46 

After  three  minutes  more  poling,  .         .         .         .         .         .  0  29 

Another  set  of  samples  where  no  lead  was  introduced  is  very  in- 
teresting, as  showing  in  the  one  case  an  increase,  and  in  the  other  a 
decrease,  of  oxygen  during  the  operation  of  casting,  and  as  showing 
the  fluctuations  of  the  iron. 

FIRST    SET. 

After  After  After  Near  the  end     %  hour  after 

1st  pole.  2d  pole.  3d  pole.  of  retiiiing.  ladling. 

Oxygen 0.42  0.85  0.47  0.81  0.085 

Iron 0.036  0.067  0.06  0.11  0.066 

VOL   IX. — 45 
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SECOND    SET. 


After  Before  After         1  hour  after     V^^^^^^        End 

ling. 


rabbling.  poling.  poling.  ladling.        ^^^fl^l^*^"  of  ladling. 


Oxygen 1.014  0.75  0.214  0.405  0.425  0.423 

Iron 0.036  0.09  0.08  0.075  0.075  0.065 

Another  series  of  samples  taken  at  various  times  on  different 
charges  and  at  intervals  of  many  inonths,  with  a  view  to  ascertain 
exactly  what  the  reactions  in  the  furnaces  were,  gave  the  following 
results  : 

OXYGEN. 
12  3  4  5  6  7 

After  polini^  half  hour, 0.19     0  25     0.55     0  37     0.44  0.19 

After  poling  three-quarters  hour,       .     0.14  0.56     0  25     0  48  0.12 

After  poling  one  hour, 0.12  0.44  0.48 

These  samples  show  a  very  great  variation  in  the  quantities  of 
oxygen  and  consequent  purity  of  the  copper.  No  importance  is  at- 
tached to  it,  however,  and  these  small  amounts  are  generally  too 
small  to  influence  the  color. 

The  action  during  the  whole  period  of  poling  is  one  of  reduction. 
This  must  be  insured  by  charging  the  fireplace  to  its  maximum,  and 
by  closing  as  tight  as  possible  every  aperture  through  which  any 
unconsumed  air  could  enter  the  furnace,  and  by  keeping  the  bath 
covered  so  as  to  provide  a  substance  for  the  oxygen  to  attack  in  case 
any  is  present.  Notwithstanding  all  these  precautions,  some  oxygen 
does  attack  the  copper.  The  reduction  of  the  last  portion  of  the 
oxide  should  be  done  slowly  and  by  the  carbon  alone,  in  order  that 
the  workmen  may  have  time  to  get  the  exact  point  for  casting  when 
all  the  oxide  of  copper  is  reduced.  The  charcoal  is  then  left  upon 
the  surface  of  the  copper  to  counterbalance  the  oxidizing  influences. 

When  the  metal  is  over-poled  the  copper  is  brittle,  and  has  a 
shiny  yellow  color  and  a  very  brilliant  lustre,  and  reflects  dis- 
tinctly every  detail  of  the  interior  of  the  furnace.  The  whole  ope- 
ration has  then  to  be  gone  over  again  from  the  first  rabbling.  Over- 
poled  copper,  or  copper  containing  carbon,  is  not  entirely  free  from 
oxygen,  as  is  generally  supposed.  An  analysis  of  a  sample  showed 
0.119  of  oxygen.  If  much  carbon  or  oxygen  is  present,  carbonic 
oxide  is  formed,  and  a  porous  condition  of  the  copper  results,  which 
makes  it  entirely  unfit  for  ordinary  commercial  uses.  The  usual 
test  for  tough  pitch  is  that  of  not  rising  on  the  surface.  This  might 
not  be  satisfactory,  as  it  depends  upon  the  thickness  of  the  cake  or 
test-piece;  the  surface  of  a  thin  one  may  not  rise  when  a  thick 
one  would.    When  depressed  on  the  surface  the  copper  is  underpoled. 
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The  less  oxygen  the  copper  contains  the  flatter  its  surface  will  be,  so 
that  this  may  be  almost  said  to  be  a  good  rule  by  which  to  judge  of 
the  quality;  but  while  a  level  surface  is  a  good  indication  of  itself,  it 
cannot  alone  be  taken  as  an  indication  of  a  high  grade  of  co[)per. 
While  there  is  any  oxide  of  copper  the  grain  of  the  metal  is  large 
and  the  color  is  red.  Just  as  soon  as  the  texture  becomes  fine  and 
the  metal  perfectly  malleable,  with  a  silky  lustre,  the  casting  should 
be  commenced.  In  order  to  make  the  last  test,  a  mould  (Fig.  15, 
Plate  II)  is  used  at  Pittsburgh,  which  gives  a  button  two  inches 
in  diameter  and  two  inches  thick,  with  a  sniall  handle  four  inches 
long  attached  to  it.  The  object  of  the  handle  is  to  catch  the  test 
button  with  the  pincers  while  the  circular  part  is  beaten  out  as  thin 
as  possible  on  an  anvil.  If  the  copper  shows  any  cracks  on  the  thin 
edges  the  poling  must  be  continued  until  no  break  of  any  kind  is 
shown,  no  matter  how  thin  it  is  beaten. 

At  Lake  Superior  the  test  was  formerly  made  by  blows,  but  it  is 
now  made  by  transverse  strain,  an  ingot  about  two  inches  wide  by 
eight  or  nine  inches  long  being  cast  for  the  purpose.  It  is  supported 
upon  the  two  ends  and  pressed  upon  until  it  breaks  by  a  screw  run 
by  a  steam-engine,  the  ingot  being  first  nicked.  The  quality  of  the 
copper  is  judged  by  the  color  of  the  fracture.  The  former  test  on 
the  Lake  was  fourteen  blows  of  a  fifteen-pound  sledge  on  the  ingot, 
which  often  bears  eighteen,  nineteen,  or  twenty  blows.  In  making 
the  tests  the  assay  pieces  are  nicked  with  a  chisel,  and  bent  back- 
ward and  forward  in  a  vise  by  striking  with  a  hammer.  The 
copper  is  said  to  be  tough  pitch  when  it  requires  frequent  bendings 
to  break  it,  and  when,  after  it  is  broken,  the  color  is  pale  red,  the 
fracture  has  a  silky  lustre,  and  is  fibrous  like  a  tuft  of  silk.  In  such  a 
condition  the  copper  is  apt  to  rise  in  the  moulds,  but  can  very  easily 
be  regulated  so  as  to  have  a  flat  surface,  which  is  important  to  the 
rollers,  and  the  reason  why  so  many  add  lead  is  both  to  prevent  this 
rising  and  to  make  it  roll  easier.  After  the  pole  is  taken  down  the 
accumulations  of  slag  around  the  door  are  cut  off  with  a  bar,  and  the 
sheet  door  is  put  up  to  get  the  temperature  up  to  the  proper  point 
for  casting.  When  the  assay  shows  that  the  furnace  is  ready,  ladling 
is  begun,  and  a  test  is  made  from  time  to  time,  during  the  casting, 
by  either  taking  an  assay,  or  by  breaking  some  of  the  ingots,  as  at 
Detroit,  exactly  as  it  was  done  with  the  small  test-pieces.  During 
the  time  of  casting  it  is  necessary  that  the  gas  in  the  furnace  should 
be  kept  neutral,  or  that  there  should  be  an  equally  balanced  oscilla- 
tion between  an  oxidizing  and  reducing  action,  so  that  the  copper 
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shall  neither  be  under-poled  nor  over-refined.  The  casting  door, 
remaining  open  during  all  the  time  of  the  casting,  furnishes  some 
oxygen,  but  not  too  much  if  the  fireplace  is  in  proper  condition,  as 
the  air  goes  directly  up  the  chimney.  During  the  whole  time  of 
casting  the  face  of  the  copper  must,  for  this  reason,  be  kept  covered 
with  charcoal,  and  sticks  of  cord-wood  kept  burning  on  the  surface 
of  the  charge  so  as  to  make  the  atmosphere  reducing.  The  char- 
coal is  shoved  away  when  the  ladles  are  introduced.  It  rarely 
happens,  however,  that  the  furnace  is  kept  in  exactly  the  same 
condition  during  the  whole  time  of  casting,  as  the  analyses  given 
below  show,  so  that  frequent  tests  must  be  made  to  see  when  the 
pitch  changes,  and  occasionally  the  operation  of  casting  is  stopped 
and  the  furnace  closed  to  bring  the  heat  up  and  the  pitch  back  to  its 
proper  condition.  A  well-regulated  furnace  ought  to  have  the  tem- 
perature as  well  as  the  quality  of  the  heat  such  that  no  stop})ing 
will  be  necessary  during  the  casting.  It  is,  however,  an  exception 
to  have  the  furnace  work  continuously  without  stopping.  The  fol- 
lowing determinations  of  oxygen  were  made  in  the  same  series  and 
on  the  same  charges  as  those  given  under  poling.  A  greater  varia- 
tion is  very  often  shown,  but  these  are  about  the  average  of  good 
working. 

OXYGEN. 

12            3            4            5  6  7 

Keady  for  ladling, 0.10     0.24  0.29     0.24  0.60  0.22  O.ll 

Ladling  half  done, 0.12  0.19  0.41  0.10 

Last  of  the  charge, 0.10     0.30                0  30  0.43  0.12 

Sometimes  the  furnace  is  too  cold.  Other  things  being  eqnal,  this 
does  not  affect  the  quality  of  the  copper,  but  it  makes  the  ingots 
dirty-looking,  and  increases  the  difficulty  of  the  work. 

The  bath  is  composed  of  metallic  copper  and  oxide  of  copper.  It 
is  very  easy  to  distinguish  the  bed  of  oxide  of  copper  which  forms, 
because  it  continually  breaks  and  exposes  the  melted  metallic  copper, 
which,  in  its  turn,  is  rapidly  oxidized.  The  casters  shove  this  bed 
off  from  the  surface  before  they  dip  the  copper  out;  but  even  then 
there  is  almost  always  a  thin  coat  of  it  floating  on  the  ladles, 
especially  if  the  ladle  is  exposed  for  a  few  minutes  to  the  air.  If 
the  copper  is  in  proper  condition  two  men  with  ladles  (Fig.  7, 
Plate  II),  nine  inches  in  diameter  and  five  inches  deep,  dip  out  the 
copper.  The  ladles  are  first  washed  with  a  thin  mixture  of  kaolin 
and  water.  They  are  dried  on  the  top  of  the  furnace,  and  are  then 
heated  to  nearly  the  temperature  of  the  copper,  so  that  it  will  not 
chill,  by  introducing  them  through  the  working  door  and  holding  » 
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them  just  over  the  copper.  After  they  have  been  used  for  about  an 
hour  they  become  red-hot  and  are  then  put  into  the  water  trough  to 
cool,  and  are  re-washed  and  used  again.  The  ladles  vary  somewhat 
in  size,  and  hold  from  thirty  to  forty-five  pounds  of  copper. 

The  copper  is  cast  into  different  shapes,  according  to  the  uses  to 
which  it  is  to  be  put.  If  it  is  to  be  made  into  rods  or  wire  it  is  cast 
in  rectangular  iron  moulds,  w4iich  have  been  previously  washed 
with  wood  ashes,  and  dusted  with  fine  charcoal  from  a  bag,  or  have 
been  smoked  with  wood,  usually  old  barrel  staves,  to  prevent  the 
adherence  of  the  copper  to  them.  These  moulds  are  set  about  a 
foot  from  the  floor  and  are  exactly  level,  so  that  they  may  be  poured 
full.  They  are  from  25  to  40  inches  long,  and  from  3  to  7  inches 
square.  They  are  made  to  taper  for  about  6  inches  from  one  end  to 
about  2  inches  square  on  the  bottom  and  sides,  the  top  remaining 
flat,  so  that  they  can  be  made  to  enter  the  rolls  easily.  As  soon  as 
they  are  cool  they  are  tipped  over  upon  the  floor,  the  end  of  the 
mould  is  lifted  with  an  iron  hook,  and  the  billet  falls  out.  They  are 
always  made  of  the  size  required  for  the  number  of  ladles  they  are 
to  contain,  and  generally  weigh  from  80  to  100  pounds. 

When  the  copper  is  to  be  rolled  into  sheets,  it  is  cast  into  cakes, 
which  are  of  any  size  or  thickness  required.  The  small  cakes  or 
plate-moulds  are  usually  square,  the  larger  ones  rectangular  or 
round.  They  are  generally  from  18  to  32  inches  square,  and  10  to 
15  inches  deep.  The  smaller  ones  are  usually  14J  by  18J  inches, 
and  about  12  inches  deep.  In  such  a  mould  five  cakes  about  2  inches 
thick  will  usually  be  made.  A  cake  2  feet  square  and  4  inches 
thick  will  require  fifteen  ladles  of  40  pounds  each.  Round  cakes  3 
feet  in  diameter  and  10  inches  thick  are  sometimes  made,  which  will 
weigh  as  high  as  2500  pounds.  The  largest  square  casting- moulds 
are  3J  feet  square,  10  inches  deep,  1 J  inches  thick  on  the  sides,  and 
3  inches  on  the  bottom.  A  cake  6  inches  thick  made  at  Pittsburgh, 
by  C.  G.  Hussey  &  Co.,  from  such  a  mould  weighed  3135  pounds. 
The  moulds  for  casting  the  cakes  are  made  either  of  cast  iron  or 
copper — usually  the  former.  They  are  generally  cast  in  two  pieces, 
divided  through  the  diagonal.  Before  being  used  the  cracks  are  filled 
with  sand,  and  the  bottom  and  sides  coated  with  wood  ashes.  They 
are  sometimes,  as  at  Pittsburgh,  for  small  cakes,  cast  full  and  not  in 
sections,  and  have  ears  cast  on  one  side,  through  which  a  pin  is  put 
to  manipulate  them.  These  are  easily  moved  and  do  not  require  the 
clamps,  but  they  frequently  break. 

The  first  ladle  is  j)oured  so  as  to  form  a  thin  film  over  the  bottom, 
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and  when  this  has  become  cool  the  regular  casting  commences.  This 
first  thin  sheet  is  always  sent  to  the  scrap,  and  is  called  the  waste 
cake.  As  the  bottom  cake  cools  a  thin  film  of  oxide  of  copper  forms 
on  the  surface,  which  is  of  sufficient  thickness  to  prevent  the  adher- 
ence of  the  next  cake,  which  is  poured  directly  on  it.  The  thickness 
of  the  cake  depends  on  the  number  of  ladles,  which  give  approxi- 
mately the  weight  of  the  cake.  In  "order  to  make  the  cake  of  even 
quality  each  ladle  has  to  be  poured  quietly  in  the  direction  of  each 
side  of  the  mould  and  in  the  middle.  There  is  the  greatest  possible 
difference  in  the  skill  of  the  men  who  do  this  work;  some  will  spill 
and  splash  the  copper,  and  throw  it  in  small  drops,  others  will  pour 
it  quietly  and  evenly.  Every  heavy  splash  can  be  seen  on  the 
side  of  the  plate  or  ingot  after  it  is  cool,  and  detracts  much  from  its 
looks.  As  it  is  not  possible  to  tell  how  far  a  crack  seen  on  the  sur- 
face penetrates  into  the  metal,  it  may  even  make  it  of  little  value, 
if  the  splash  has  been  made  when  the  copper  is  near  the  point  of 
solidification.  When  very  large  cakes  are  to  be  made,  a  considerable 
quantity  of  copper  is  accumulated  in  a  large  ladle  moved  by  a  crane, 
which  is  carried  to  the  mould.  Four  or  five  men  then  stand  ready 
with  their  ladles,  so  that  the  copper  from  the  large  and  small  ladles 
is  turned  into  the  mould  at  once.  If  this  were  not  done  the  copper 
on  the  bottom  would  chill;  but  when  a  sufficient  quantity  has  been 
accumulated  at  first  the  men  can  easily  keep  the  heat  up  by  pouring 
quickly.  Only  one  plate  is  made  over  the  waste  cake  in  a  large 
mould.  When  all  the  cake  moulds  are  full,  they  are  left  until  they 
are  sufficiently  cold  to  bear  moving;  the  clamps  and  wedges  which 
hold  the  two  parts  of  the  mould  together  are  then  removed  by 
striking  them  with  a  bar.  They  are  placed  together  near  the  moulds 
so  as  to  be  used  again.  One  man,  with  a  bar  bent  at  the  end,  pries 
under  one  side  of  the  mould  at  the  point  of  separation,  so  as  to  move  it 
a  little  to  one  side.  Two  men  with  straight  bars  introduce  them  be- 
tween the  cake  and  the  mould,  and  move  it  away  from  the  cake. 
While  this  is  being  done,  the  man  with  the  bent  bar  pulls  the  cake 
away  from  the  other  half  of  the  mould,  after  which  the  two  men 
with  straight  bars  throw  the  cakes  upon  the  floor,  and  turn  them  on 
their  side  so  as  to  separate  the  cakes  with  wedges.  As  soon  as  the 
moulds  are  sufficiently  cool  they  are  reclamped  and  set  ib  place.  It 
seems  a  simple  thing  to  make  these  large  castings,  but  in  reality  it 
is  very  difficult,  for  if  the  copper  is  not  properly  refined,  ridges  from 
J  to  J  of  an  inch  deep  form  on  the  surface  which  it  is  impossible  to 
roll  out.     I  have  seen  suboxide  of  copper  y'g  of  an   inch  thick  on 
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such  cakes,  and  have  known  of  cakes  weighing  3000  pounds  whicli 
had  to  be  returned  to  the  furnace  for  this  reason. 

When  the  copper  is  to  be  used  for  melting  it  is  cast  into  ingots 
(Fig.  12,  Plate  II),  in  copper  moulds.  A  very  large  proportion  of 
it  is  cast  in  this  way.  The  ladles  should  contain  copper  enough  to 
fill  two  ingot-moulds,  but  actually  a  ladle  generally  makes  a  little 
less  than  two,  which  renders  it  necessary  to  fill  up  one  of  the  moulds 
from  the  next  ladle.  Some  casters  are,  however,  particular  either 
to  take  the  ladle  so  full  that  it  will  make  two  full  inirots,  or  to 
fill  the  ladles  only  so  far  as  to  make  each  ladle  nearly  fill  one 
mould;  this  makes  a  light  ingot.  Most  of  the  men,  however,  [)our 
as  full  as  they  can  without  stopping,  and  pay  no  attention  to  the 
number  of  ingots.  Some  works  make  the  ladles  small,  so  as  to  have 
a  uniformly  heavy  ingot,  and  prevent  the  contents  of  any  ladle  being 
poured  into  two  moulds;  but  in  most  works  the  caster  pours  into  the 
mould,  which  will  be  filled  by  the  charge  in  the  ladle,  and  will  par- 
tially fill  another.  As  soon  as  he  ceases  pouring  a  man  with  a  fresh 
ladleful  comes  up  behind  him,  and  before  the  copper  has  a  chance  to 
cool  at  all,  even  on  the  surface,  the  mould  is  filled  up. 

The  ingot  moulds  are  placed  together  in  batteries  in  a  row  over  a 
trough  filled  with  water.  Eight  ingot  moulds  usually  make  a  battery. 
The  water  trough  (Figs.  8  and  11,  Plate  II)  into  which  the  ingot  fill  Is, 
is  called  a  bosh.  When  of  wood  it  is  made  of  the  length  and  width 
desirable;  when  of  sheet  iron  it  is  made  the  length  of  eight  in- 
got moulds  only,  and  of  the  width  strictly  necessary.  The  wooden 
boshes  last  but  a  short  time  although  they  are  fastened  with  iron  ; 
the  iron  ones  last  indefinitely.  The  wooden  boshes  are  strai)ped  with 
iron  on  the  bottom  and  are  made  of  2J-inch  plank,  21  inches  wide 
and  24  inches  deep,  and  20  feet  3J  inches  on  the  inside.  During 
the  whole  time  of  casting;  cold  water  flows  into  one  end  of  the 
bosh  and  the  excess  flows  out  at  the  other.  The  water  is  turned 
off  as  soon  as  the  casting  is  finished.  The  bosh  is  usually  placed 
from  ten  to  fifteen  feet  from  the  furnace.  This  distance  is  a  matter 
of  some  importance;  if  it  is  less  than  ten  feet  the  workmen  are 
between  the  heat  of  the  bosh  and  that  of  the  furnace;  if  it  is  more 
than  fifteen,  the  distance  to  travel  is  too  great,  and  less  work  will 
be  done.  When  the  furnace  is  used  for  casting  all  kinds  of  shapes 
this  distance  must  be  arranged  with  the  greatest  care,  fi)r  both  the 
billet  and  plate  moulds  come  between  the  furnace  and  the  water  bosh, 
so  that  the  arrangement  is  sometimes  made  to  have  the  billet  moulds 
on  one  side  and  the  water  bosh  in  the  front,  with  the  plate  moulds 
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in  front  of  it.  In  some  cases  they  are  arranged  on  three  sides,  so  that 
each  is  independent,  in  which  case  two  at  least  of  the  distances  are 
usually  too  long.  The  best  disposition  seems  to  be  either  to  have  the 
bosh  in  front  and  at  -such  a  distance  that  the  plate  moulds  can  be 
placed  against  it  and  the  billet  moulds  on  one  side,  or  to  make  the 
boshes  movable,  so  as  to  leave  the  whole  front  of  the  furnac'e  free 
Avhen  ingots  are  not  being  cast.  It  is  a  mistake  to  arrange  all 
these  together  as  is  sometimes  done,  as  it  incumbers  the  whole  space 
in  front  of  the  furnace. 

When  twelve  ingot  moulds  are  full  the  men  turn  therti  over  with 
a  hook,  turning  them  back  two  at  a  time.  When  a  battery  of 
eight  has  been  turned  over,  the  ingots  are  picked  out  of  the  water 
bosh  with  a  pair  of  tongs  and  piled  up  in  front  of  it.  In  some  works 
the  ingots  are  allowed  to  remain  in  the  bosh  until  the  whole  charge 
has  been  ladled.  This  is  not  a  good  plan  unless  the  bosh  is  very 
deep,  as  toward  the  last  part  of  the  casting  it  will  be  full  of  in- 
gots. The  man  who  tips  the  moulds  uses  at  the  commencement  of 
the  casting,  when  the  ingot  moulds  are  cold,  a  sponge  to  wipe  out 
any  water  that  may  remain  in  the  moulds.  This  is  not  necessary 
after  a  time,  as  the  heat  is  sufficient  to  evaporate  it.  He  is  aided  by 
another  one  who  takes  off  with  a  rod  any  pieces  of  slag  or  other  im- 
purities that  may  float  upon  the  top  of  the  melted  copper.  This  is 
easily  done,  as  the  impurities  stick  to  the  rod  as  soon  as  it  is  brought 
into  contact  with  them.  He  aflso  trims  all  the  ingots  when  they  are 
cold.  The  moulds,  when  turned  over  into  the  water,  drop  the  copper 
ingots  at  once,  when  they  are  new,  but  after  they  have  been  used  for 
some  time  they  often  require  to  be  struck  on  the  under-side,  before 
they  will  deliver  the  ingot.  At  Hancock,  where  the  work  to  be  done 
is  very  large  in  amount,  such  a  mould  would  be  replaced  at  once.  In 
some  of  the  other  works  I  have  seen  the  tipper  work  at  a  mould  five 
minutes  to  get  the  ingot  out,  and  have  seen  moulds  continuously  used 
in  which  the  ingot  sticks  every  time,  and  only  replaced  when  the  ingot 
refuses  to  fall  from  the  mould.  In  order  to  prevent  too  much  jar,  as 
the  mould  with  the  ingot  turns  with  the  top  of  the  ingot  next  the  face 
of  the  water,  it  is  caught  on  the  end  of  an  iron  rod  and  allowed  to 
fall  with  but  little  shock.  If  it  happens  to  strike  in  its  fall  the  edge 
of  the  trough  a  yellow  spot  is  produced  on  the  ingot  where  it  struck 
the  wood.  The  moulds  are  left  turned  down  until  the  ebullition  of 
the  water  ceases  to  be  very  violent,  and  are  then  turned  up  again. 
They  are  then  generally  sufficiently  hot  to  evaporate  any  water  which 
may  have  been  caught  in  them.     This  constant  expansion  and  con- 
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traction  of  the  copper  moulds  cracks  them  after  a  time.  Tlie  con- 
traction is,  however,  greater  than  the  expansion,  since  the  mould, 
which,  at  the  commencement,  will  give  an  ingot  of  18  pounds  weight, 
will  about  the  time  it  is  used  up,  give  an  ingot  of  only  15  pounds 
weight.  This  contraction  is  also  not  equal  in  all  parts  of  the  mould, 
wdiich  is  the  reason  why  the  old  moulds  fail  to  deliver  the  ingot. 

The  men  who  ladle  have  their  legs  covered  with  heavy  hempen 
cloths,  their  right  hands  with  a  thick  mitten  of  the  same  material 
well  saturated  with  water.  Notwithstanding  their  precautions  these 
coverings  often  take  fire  from  the  heat.  When  the  ladlers  have  poured 
the  copper,  they  walk  two  or  three  steps,  then  throw  the  ladle  down 
on  the  ground,  let  go  with  the  right  hand,  and  turn  round  the  ladle 
holding  it  in  the  left  hand,  and  walk  to  the  furnace.  The  ladle  is 
then  thrown  into  the  right  hand,  and  the  copper  dipped.  From 
13,000  to  15,000  pounds  of  copper  are  made  from  each  charge  on 
Lake  Superior. 

At  the  end  of  the  casting  a  coat  of  copper  half  an  inch  thick  will  he 
found  in  the  inside  of  the  ladle  on  the  bottom.  On  the  side  towards 
the  handle  at  the  top  of  the  ladle,  it  is  about  one  and  one-half  inches 
thick,  and  projects  over  nearly  an  inch;  a  little  is  also  attached  to  the 
outside.  This  is  removed  with  a  hammer,  and  is  charged  in  the 
furnace  with  the  ore.  A  ladle  in  constant  use  will  last  two  or  three 
months;  it  is  then  cut  off  from  the  handle  and  sold  for  old  iron  ; 
the  handles  last  indefinitely.  The  ladles  are  manufactured  with  a 
projection  about  six  inches  long  on  one  side,  which  is  welded  to  the 
old  handle. 

The  man  who  does  the  tipping  is  provided  with  a  hammer  made 
wedge-shaped  at  one  end  and  square  at  the  other.  The  wedge  end 
serves  to  remove  the  copper  from  the  ladles  and  to  trim  the  ingots; 
the  square  end,  to  hammer  down  any  thin  edges  of  copper  on  the 
sides  of  the  ingots,  and  to  catch  them  between  the  heels  when  they  are 
hot,  so  that  they  can  be  handled.  It  is  just  large  enough  to  go  down 
between  the  two  projections  or  heels,  and  is  then  wedged  tight  enough, 
by  taking  hold  of  the  end  of  the  hammer  handle,  to  hold  the  ingot, 
and  is  easily  separated  from  it  by  a  slight  inverse  motion.  If  any 
burr  occurs  on  the  ingot,  owing  to  the  mould  having  been  poured  a 
little  too  full,  it  is  either  cut  off  with  the  wedge  of  the  hammer  or 
hammered  down  smooth  with  the  square  end.  If  any  of  the  ingots 
show  any  slag  or  any  defect,  they  are  thrown  to  one  side,  and  these, 
with  the  worn-out  ingot  moulds,  go  into  the  charge  of  ore.     Only 
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very  small  pieces  are  ever  thrown  back  into  the  furnace  during  the 
operation,  as  they  would  reduce  the  temperature  of  the  co})per. 

The  mould  for  the  ingots  is  made  of  co})per  in  a  press.  Fig.  5,  Plate, 
III,  shows  a  drawing  of  one  of  the  first  ones  ever  made.  It  consists 
of  a  framework  of  iron,  a,  supported  on  a  platform,  c?,  through  the  two 
top  supports  of  which  an  iron  rod,  6,  passes  into  one  of  the  ordinary 
copper  ingots,  which  has  been  carefully  filed  up  for  the  j)urpose. 
This  is  lowered  by  the  lever,  e,  into  an  iron  box,/,  which  is  slotted 
together  at  diagonally  opposite  corners  and  held  together  by  clamps. 
The  under  side  of  this  box  contains  the  slots  for  the  V  grooves.  The 
box  rests  by  its  weight  on  a  carefully  planed  iron  plate,  d,  and  is  put 
into  position  every  time  a  mould  is  to  be  made.  The  mould  is  filled 
two-thirds  full  of  melted  copper,  and  the  ingot  pressed  into  it  until 
the  copper  is  just  even.with  its  top  surface,  a  few  minutes  only  bejng 
required  for  the  copper  to  set.  As  soon  as  the  mould  is  sufficiently 
cool  the  lever,  e,  is  raised,  and  the  iron  mould  separated,  and  the 
ingot  mould  turned  out,  and  anotherone  cast.  The  mould  thus  comes 
from  the  frame  with  the  dovetail  ready  to  be  shoved  into  the  iron 
shoe,  as  shown  in  Figs.  9  and  10,  Plate  II,  and  ordinarily  requires  no 
fitting.  These  presses  are  now  made  with  a  screw  cut  on  b,  and  a 
hand-wheel  in  the  place  of  the  lever  e.  At  Hancock  they  generally 
make  ten  new  ingot  moulds  to  a  charge.  The  cast-iron  shoe  into 
which  the  ingot  mould  is  shoved  (Figs.  9,  10,  and  11,  Plate  II)  is 
hinged  on  a  rod  (c.  Figs.  8,  9,  10,  and  11),  so  that  as  soon  as  the 
copper  poured  into  the  ingot  mould  is  cool,  it  is  turned  over  into 
the  water,  as  shown  in  Fig.  11,  and  in  this  way  forty  moulds  do  the 
whole  work  of  the  establishment. 

Two  nien  can  generally  fill  these  forty  moulds  twice.  The  heat 
is  so  great  that,  after  the  second  filling,  they  must  be  relieved. 
In  very  hot  weather  they  cannot  fill  the  forty  moulds  more  than  once, 
but,  in  very  cold  weather,  they  can  sometimes  do  it  four  times. 
When  eight  moulds  have  been  filled,  the  first  mould  is  cool  enough 
to  tip  into  the  water.  This  is  attended  to  by  one  man,  who  does  all 
the  tipping.  If,  during  the  operation,  the  copper  appears  to  be 
changing  qualily,  a  test  is  taken,  which,  on  Lake  Superior,  is 
poured  into  an  ingot,  two  inches  square  and  twelve  inches  long,  and 
this  is  tested  for  transverse  strain.  In  the  other  works  the  ordinary 
spoon  test  is  taken,  and  the  condition  of  the  furnace  judged  accord- 
ingly. Sometimes  it  is  necessary  to  stop  once  or  twice  in  the  course 
of  an  operation  to  change  the  condition  of  a  charge,  which  from  want 
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of  care  in  the  management  of  the  fireplace  has  run  down  in  quality 
and  must  be  brought  back  to  tough  ])itch. 

A  great  deal  of  importance  is  given  by  many  to  the  color  of  the  cop- 
per, and  many  qualities  of  it  are  distinguished  in  the  market  bv  their 
color.  The  temperature,  at  the  time  of  casting,  will  not  only  affect  the 
color,  but  will  also  change  the  appearance  of  the  fracture.  This  is 
so  well  known,  that  most  copper  smelters  ladle  at  as  low  a  tempera- 
ture as  possible,  in  order  to  have  the  grain  fine.  The  real  and  only 
test  is  not  the  color,  but  that  the  copper  should  be  tough  and  malle- 
able at  all  temperatures.  Buyers,  however,  sometimes  require  cop- 
per to  be  of  a  certain  color  on  the  exterior,  which,  as  is  well  known, 
,does  not  give  any  positive  indication  of  the  quality  of  the  copper. 
The  coloring  is  only  superficial,  and,  independently  of  the  heat  of  the 
metal  at  the  time  of  casting,  can  be  given  in  several  ways.  Salt  put 
into  the  water  makes  the  copper  dark  red.  This  salt  is  simply  put 
into  the  bath  into  which  the  copper  tips.  White-pine  shavings  put 
into  the  water  make  the  copper  yellow.  The  same  effect  is  produced 
wherever  the  ingot,  being  thrown  over,  hits  the  wood  of  the  water 
bosh.  To  form  these  colors,  which  are  asked  for  specially,  the 
ingot  is  tipped  out  u})on  a  shovel,  and  then  dropped  into  the  water. 

The  shape  of  the  ingots  and  the  method  of  casting  them  are  so 
peculiar  that  I  have  taken  some  pains  to  ascertain  their  history,  as 
it  is  now  here  printed.  I  have  collected  the  following  data  at  dif- 
ferent times  from  the  statements  of  Henry  Johns,  of  Pittsburgh. 

In  1842  W.  Thomas,  a  one-armed  blacksmith,  in  the  works  of 
Pasco,  Greenfield  &■  Co.,  Swansea,  Wales,  impressed  with  the  fact 
that  the  old  methods  of  casting  ingot  copper  were  unnecessarily  long 
and  tedious,  made  a  mould  of  cast  iron  supported  on  hinges,  which 
he  tipped  into  water.  The  contraction  and  expansion  of  these  moulds 
broke  them,  and  for  this  reason  the  process,  which  was  at  first 
thought  to  be  a  great  improvement,  was  so  expensive,  that  it  was 
abandoned.  In  about  a  year  it  occurred  to  him  that  copper  was  the 
proper  material  of  which  to  make  the  moulds.  He  placed  these 
moulds  on  a  frame,  dove-tailed  as  they  now  are,  and  this  method  of 
casting  in  a  water  bosh  was  then  universally  adopted.  His  moulds, 
like  the  present  form  of  English  ingots  (Fig.  16,  Plate  II)  had,  how- 
ever, only  one  depression  in  the  middle,  and  were  longer,  wider,  and 
thinner  than  those  cast  in  this  country,  but  the  weight  was  about  the 
same.  The  tw^o  depressions  in  the  ingots  of  copper  which  form  the 
three  heels,  seem  to  have  been  introduced  about  1848  in  the  works  at 
Pittsburgh  and  Baltimore  independently.     Their  object  is  to  facili- 
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tate  the  breaking  up  of  the  ingot  for  the  brass  smelters,  as  the  Lake 
Superior  copper  was  extremely  tough,  while  the  English  copper  had 
hitherto  been  more  brittle.  This  form  of  ingot  was  adopted  on  the 
Lake,  and  from  there  became  the  type  form  for  all  the  works  in  the 
country.  Only  a  few  works  make  a  lighter  ingot  than  that  used  on  the 
Lake.  The  machine  for  making  the  moulds  (Fig.  5,  Plate  III)  now 
used  in  the  works  of  C.  G.  Hussey  &  Co.,  at  Pittsburgh,  is  identical 
with  that  which  Thomas  first  invented. 

The  copper  at  Hancock  is  cast  at  a  higher  temperature  than  is 
usual,  to  which  the  beautiful  and  uniform  color  of  their  ingots  is 
mostly  to  be  ascribed.  The  men  have  been  so  carefully  trained,  and 
are  so  very  skilful,  thajt  they  can  produce  great  uniformity  in  the 
color.  The  care  which  is  there  taken  to  keep  the  quality  of  the  heat 
the  same,  produces  a  copper  containing  less  suboxide  than  any  other, 
and  hence  it  is  much  sought  for  when  very  pure  copper  is  required. 
I  have  examined  many  samples,  which  did  not  contain  more  than 
from  0.03  to  0.05  per  cent,  of  oxygen,  and  a  few  containing  only 
0.01  to  0.02,  which  is,  so  far  as  I  know,  not  true  of  any  other  except 
Arizona  copper,  though  any  of  the  works  could  do  it  if  they  would 
take  the  trouble. 

The  ingots  will  average  between  sixteen  and  seventeen  pounds  in 
weiglit.  They  sometimes  go  as  high  as  eighteen  pounds,  but  gener- 
ally keep  within  these  limits.  They  are  piled  up  in  front  of  the 
casting  trough,  and  packed  in  barrels,  each  barrel  containing  from 
seventy  to  seventy-five  ingots,  or  1250  pounds.  The  barrels  are  of 
oak;  they  are  all  made  in  the  cooper  shops  of  the  Hancock  works, 
which  have  a  heavy  stock  of  material  expressly  for  this  purpose. 
They  are  weighed  with  the  heads  and  hoops  on  them.  The  weight 
of  the  barrel  is  marked  in  chalk  on  the  outside.  The  barrel  is 
placed  upon  a  block  of  wood  of  less  size  than  itself,  and  carefully 
packed  with  about  the  number  of  ingots  it  should  have.  It  is  then 
caught  by  an  iron  barrow  or  truck  (Fig.  14,  Plate  II)  which  has  two 
projecting  prongs,  which  pass  under  the  barrel  and  outside  of  the 
block.  The  open  barrel  filled  with  the  ingots  is  then  brought  to  the 
scales,  on  which  a  counterpoised  iron  block,  of  the  same  size  and 
shape  as  the  wooden  one,  is  placed,  upon  which  to  deposit  the  barrel. 
The  weigher  tries  with  ingots  of  different  weights  to  get  the  exact 
weight  of  1250  pounds,  and  while  this  is  done  by  changing  the  in- 
gots in  the  barrel  for  lighter  or  heavier  ones,  the  head  and  hoops  of 
the  barrel  remain  on  the  platform  of  the  scales.  When  the  weight 
is  correct,  they  are  placed  on  the  barrel,  the  truck  run  under  the  iron 
barrel-rest  on  the  platform  of  the  scales,  and  the  barrel  carried  off 
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and  placed  upon  the  ground  near  the  place  where  it  was  packed. 
It  is  then  headed  and  rolled  again  to  the  scales,  where  the  weight 
previously  chalked  is  checked,  and,  if  found  to  be  correct,  it  is  rolled 
to  the  dock  and  shipped.  Whenever  the  work  of  packing  the 
barrels  is  finished  the  men  go  home,  except  those  who  watch  the 
furnace  during  the  night.  As  this  may  be  as  early  as  3  p.m.,  these 
positions  about  the  furnace  are  on  Lake  Superior  considered  very 
desirable.  They  are  never  given  except  to  their  best  men,  who 
look  upon  it  as  a  post  of  honor,  from  which  some  of  them  have  risen 
to  high  position  in  the  works.  They  consider  themselves  as  a  corps 
d! elite,  and  not  only  do  excellent  work,  better  on  the  whole  than  is 
done  elsewhere,  but  remain  at  the  works  permanently,  much  to  the 
benefit  both  of  the  company  and  of  themselves. 

The  greatest  care  is  taken  to  keep  the  products  of  each  mining 
company  separate.  Every  company  has  its  own  ingot  moulds  with 
its  name  in  the  bottom,  so  that  each  of  the  ingots  has  the  name  of 
the  mine  from  which  the  copper  comes  cast  on  it. 

The  ladles,  rabbles,  and  all  other  iron  tools  hav^e  copper  on 
them,  which  cannot  be  vSeparated  with  a  hammer;  this  is  melted  off 
and  sold  for  half  a  cent  a  pound. 

It  is  not  easy  to  calculate  the  cost  of  the  operation  of  smelting. 
The  works  at  Hancock  naturally  control  the  price,  as  all  the  other 
works  in  the  United  States  put  together  would  not  be  capable  of 
turning  out  at  the  present  time  much  more  refined  copper  than 
they  do.  They  are  naturally  very  uncommunicative  about  their 
business  transactions,  and  the  probable  cost  can  only  be  estimated. 
That  they  make  a  very  large  profit,  the  dividends  which  they  de- 
clare tnake  certain;  what  that  profit  is  can  only  be  known  approxi- 
mately. The  work  of  smelting  is  done  at  a  fixed  price  per  ton  of 
ore  or  mineral,  no  matter  whether  this  is  No,  5  mineral,  which  only 
contains  35  to  40  per  cent.,  or  No.  1,  which  contains  on  an  average 
90  per  cent.,  or  masses,  which  are  nearly  pure  copper.  Within 
three  or  four  years  this  price  was  $18  per  ton  of  ore  and  $15  per 
ton  of  slag.  Latterly,  it  has  been  reduced  to  $17  for  the  ore 
and  $12.50  for  the  slag  at  Hancock,  and  $16  for  the  ore  and  $10 
for  the  slao;  at  Detroit.  It  is  therefore  for  the  interest  of  the 
mines  to  send  to  the  smelting  works  the  richest  possible  products. 
At  Hancock  all  the  coal,  flux  and  other  material  is  brought 
to  the  works  as  return  freight  in  vessels  that  would  otherwise 
come  back  from  the  East  empty.  Each  furnace  uses  four  tons 
of  coal  in  twenty-four  hours,  which  costs  $4.40  per  ton.     For  labor 
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there  are  two  men  for  the  first  shift  of  twelve  hours,  and  six  during 
the  second  shift,  which   lasts  until  they  are  through.     The  furnace- 
man  is  paid  $3.50,  two  helpers  $3  each,  and  the  other  $2.50  per  day. 
There  will  thus  be  $19  a  day  expense  for  labor. 
Dr.  Kupelwieser*  calculates  the  cost  as  follows: 


Per  ton  of  ore. 

Per  ton  of  cc 

Labor  at  the  furnace, 

.     $2  40 

$2  <)3 

Other  hibc-r,       .... 

1  00 

1  23 

Four  tons  of  coal  @  $4.40, 

.       2  20 

2  70 

Cost  of  direction, 

3  00 

3  70 

.$8  60 


$10  56 


This  shows  a  very  handsome  profit  for  the  works.  This  estimate 
seems  to  be  a  low  one,  but,  however  near  the  truth  it  may  be,  it  is 
certain  that  the  very  large  amount  smelted,  and  the  peculiar  facili- 
ties for  freight,  make  it  possible  to  treat  the  ore  for  a  comparatively 
small  sum. 

The  second  part  of  the  operation  consists  of  the  fusion  of  the  rich 
scorias  in  the  cupola  furnaces,  which  gives  as  a  result  poor  scorias, 
which  are  thrown  away,  and  a  black  co{)per  containing  a  great  deal  of 
iron.  This  operation  is  conducted  in  different  ways. at  different  works. 
On  the  Lake  the  slags  are  simply  smelted  in  the  cupola.  At  Pitts- 
burgh they  are  first  submitted  to  a  treatment  in  a  reverberatory  fur- 
nace, and  the  rich  slags  from  this  treatment  go  to  the  cupola.  The 
cupola  furnaces  which  are  used  are  also  quite  dissimilar.  The  treat- 
ment on  the  Lake  will  be  given  first,  and  afterwards  that  at  Pitts- 
burgh, in  so  far  as  it  differs  from  it. 

At  Hanco(^k  and  Detroit  most  of  the  slag,  except  what  shows 
metallic  copper,  which  is  skitnmed  during  the  night,  goes  to  the 
cupolas.  All  that  is  skimmed  during  the  poling  goes  back  into 
the  refining  furnaces.  The  slag  which  goes  to  the  cupolas  will  be 
about  35  per  cent,  of  the  charge  in  the  reverberatory  furnace.  The 
scorias  from  the  treatment  of  the  copper  from  each  mine  are  always 
kept  separate  and  treated  separately.  They  are  made  into  heaps  or 
put  into  the  bins  marked  with  the  name  of  the  works,  and  left  until 
a  quantity  sufficient  for  a  ten  hours'  run  in  one  of  the  three  cupolas 
has  accumulated.  The  scorias,  as  the  analyses  show,  contain  metallic 
copper  in  grains,  oxide  of  copper,  oxide  of  iron,  alumina,  lime,  and 
magnesia.  The  object  of  the  fusion  is  to  melt  and  collect  all  the  copper 
which  is  in  grains,  to  reduce  the  oxide  of  copper,  and  to' get  another 
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set  of  scorias  poor  enough  to  be  thrown  away;  to  accomplish  this 
some  iron  must  be  reduced,  but  in  order  to  make  the  quantity  as 
small  as  possible,  the  oxide  of  iron  is  left  to  take  all  the  silica  it  can 
get  from  the  bricks  of  the  furnace.  The  slag  generally  contains  from 
5  to  12  per  cent,  of  copper,  some  of  which  is  in  the  shape  of  grains 
of  metallic  copper,  though  the  analyses  of  the  slags  (p.  698)  show 
much  lower  than  this.  The  average  of  the  working  of  many  hun- 
dreds of  tons  is  given,  however,  at  the  works,  as  between  these  two 
amounts,  though  I  have  frequently  seen  very  large  pieces  of  suboxide 
of  copper,  and  have  analyzed  a  number  which  contained  over  40 
per  cent.  The  furnace  which  is  used  on  the  Lake  is  a  modified 
Mackenzie's  cupola.  This  furnace  was  originally  invented  for  the 
fusion  of  cast  iron,  but  has  been  so  modified  that  it  is  now  the  best 
furnace  in  use  for  the  treatment  of  copper  slags.  Its  peculiarities 
are  the  water  bosh,  the  tuyere,  which  is  in  the  shape  of  an  opening 
five-eighths  of  an  inch  wide  all  round  the  furnace  just  below  the 
water  bosh,  and  the  crucible  at  the  bottom  for  holding  the  copper 
from  a  large  quantity  of  slag  until  it  shall  accumulate  in  sufficient 
quantities  to  make  it  desirable  to  cast  it. 

The  cupola  (Plate  IV)  has  on  the  outside  a  mantle  of  iron  lined 
with  a  single  thickness  of  fire-brick  with  a  drop  bottom,  and  is  32 
feet  high  to  the  top  of  the  chimney.  It  is  elliptical  in  form,  and 
rests  on  the  bottom,  on  a  cast-iron  ring,  which  is  supported  on  four 
cast-iron  columns  4  feet  6  inches  high.  Immediately  over  the  bed- 
plate is  a  chamber  {i,  Figs.  1  and  3),  22  inches  deep,  with  a  major 
axis  of  seven  feet,  and  a  minor  of  4  feet  9  inches,  which  serves 
as  a  crucible  in  which  the  copper  collects.  Immediately  above  this 
is  the  slag-chamber  {y,  Figs.  1  and  3),  which  is  12  inches  deep  up  to 
the  tuyeres.  The  slag  discharge  (j,  Figs.  1,  2  and  3),  is  in  this  cham- 
ber, and  consists  of  an  opening  which  is  horizontal  through  the 
lining  of  the  furnace,  and  then  rises  at  a  sharp  angle  as  shown  atj 
(Fig.  3).  To  hold  these  spout  bricks  a  nose  is  riveted  upon  the 
mantel.  When  the  furnace  is  at  work  the  spout  is  covered  tempo- 
rarily with  bricks,  so  as  to  make  a  downward  opening  on  the  outside, 
through  which  the  slag  flows  continuously  while  the  furnace  is  in 
blast.  Next  the  bottom  there  are  two  openings  (p,  Figs.  3  and  4), 
which  are  used  to  let  the  flame  through  when  the  bottom  of  the 
furnace  is  being  heated. 

The  boshes  are  made  of  cast  iron,  and  consist  of  a  water-chamber  (c, 
Figs.  1  and  3),  going  round  the  whole  furnace.  This  is  made  in  sections 
and  fitted  together  so  as  to  be  water-tight.     The  inner  and  lower  sides 
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are  five-eighths  of  an  inch  thick,  the  upper  and  outer  ones  are  half  an 
inch.  It  thus  forms  a  water  bosh,  which  is  infusible  at  any  tem- 
perature which  is  likely  to  occur  in  the  furnace.  Its  position  is 
determined  by  the  height  at  which  the  bricks  melt,  and  its  upper 
surface  is  put  there;  it  is  22  inches  high.  Water  constantly  flows 
through  it,  supplied  by  a  three-quarter  inch  pipe  (d,- Figs.  2,  and 
3),  and  is  discharged  at  e  (Figs.  1,  2  and  3).  Around  the  water 
bosh  is  an  annular  chamber  [g,  Figs.  1,  2  and  3),  into  which  the  air 
passes  from  a  pipe  (/,  Fig.  1),  which  enters  the  air-box  x,  bolted 
upon  the  mantel  of  the  furnace  and  communicates  with  the  air- 
chamber  ((/,  Figs.  1,  2,  and  3),  which  surrounds  the  walls.  The  air 
enters  the  furnace  through  an  annular  opening  (A,  Figs.  1  and  3), 
five-eighths  of  an  inch  wide,  which  serves  as  tuyeres,  and  thus 
distributes  the  blast  evenly  in  every  direction.  The  bosh  slants 
slightly,  and  from  its  top  the  furnace  rises  vertically  5  feet  8  inches, 
with  a  major  axis  of  7  feet  9  inches,  and  a  minor  axis  of  5  feet 
6  inches  to  the  bottom  of  the  charging  door  (Fig.  1)  which  is  2  feet 
square.  From  here  it  slants  until  at  8  feet  6  inches  it  has  a 
diameter  of  4  feet,  at  which  point  it  terminates  in  a  chimney  9  feet 
high. 

The  cupola  house  is  65  feet  long,  and  the  part  of  the  upper  story 
devoted  to  the  top  house  is  20  feet  wide.  At  the  end  towards  the 
refinery  there  is  a  space  7  f^Qi  G  inches  wide  for  an  inclined  plane 
made  of  railroad  rails.  At  right  angles  to  it,  at  the  top,  is  a  railroad 
42  inches  wide,  which  serves  the  cupolas,  and  on  which  a  truck  with 
very  small  wheels  (Fig.  10,  Plate  IV)  runs  through  a  passage  which 
is  4  feet  6  inches  wide.  This  truck  receives  the  loaded  car  as  it 
arrives  at  the  top  of  the  incline,  and  transfers  the  wagon  in  a  direc- 
tion at  right  angles  to  the  inclined  plane  without  turning.  Each 
cupola  has  a  bin  15  feet  long  by  15  feet  wide,  and  4  feet  below  the 
level  of  the  track  in  front  of  it.  The  cupola  projects  half  its  diam- 
eter in  the  centre  of  one  side  of  this  space.  On  each  side  of  the  rim 
is  a  rectangular  projection  of  the  height  of  the  top  of  the  small  truck, 
which  is  3  feet  6  inches  wide,  and  6  feet  6  inches  long,  which  projects 
equally  into  each  bin.  The  cupolas  are  charged  with  slag,  anthra- 
cite, and  limestone,  the  latter  being  crushed  in  a  Blake's  crusher. 
It  is  brought  from  Kelly's  Island,  in  Lake  Erie,  and  costs  60  cents 
a  ton  for  transportation.  The  anthracite  comes  from  Sugarloaf 
Mountain,  does  not  decrepitate  in  the  furnace,  and  is  of  good  quality. 
The  slag,  anthracite,  and  limestone  are  brought  to  the  top  of  the 
cupolas  on  the  inclined  plane  in  a  wagon  which  swings  on  a  pivot, 
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(Fig.  10),  where  it  is  transferred  to  the  little  truck,  and  is  rolled  to 
the  place  where  it  is  to  be  discharged.  The  wagon  without  the  truck 
is  rolled  upon  the  platform  behind  the  cupola,  turned  in  the  necessary 
direction,  and  dumped  on  either  side,  so  that  the  supply  for  two  ad- 
joining bins  comes  from  the  same  platform.  The  flux  is  discharged 
to  the  right,  and  the  slag  to  the  left  hand  of  the  charge.  The  coal 
is  discharged  at  the  end  of  the  platform  directly  in  front,  and  against 
the  furnace,  but  away  from  the  charging  door.  The  restof  this  story 
of  the  charging-house  is  occupied  with  floors  for  the  crushing  and 
sorting  of  old  bricks  to  be  used  for  the  manufacture  of  grouting  and 
bricks,  and  other  accessories  to  the  cupola.  The  charging  door  is  16 
inches  above  the  level  of  the  floor,  so  that  the  charge  is  made  with 
great  ease. 

When  the  cupola  is  to  be  put  into  blast,  jt  is  always  heated  up 
the  night  before.  To  do  this,  water  is  run  into  the  water  bosh,  the 
coke  charged,  the  charging  door  closed,  and  it  is  allowed  to  burn  all 
night  to  get  up  the  requisite  heat,  and  the  regular  charge  is  made  in 
the  morning.  From  500  to  600  pounds  of  coke  are  used  for  heating. 
The  regular  charge  consists  at  first  of  60  shovelfuls  of  coal,  100  of 
slag,  and  40  of  lime;  after  this  the  charge  is  40  shovelfuls  of  coal, 
100  of  slag,  and  40  of  lime;  or  for  each  ton  of  slag  700  shovelfuls 
of  coal,  and  800  to  900  of  lime.  If  the  charge  of  slag  is  20  tons, 
this  will  make  7  tons  of  coal  and  8  or  9  tons  of  lime.  The  usual 
consumption  of  coal  is  between  6  and  7  tons.  Besides  the  regular 
charge,  scraps  of  copper  and  refuse  to  the  amount  of  one-half  a  ton, 
are  put  in.  The  blast  used  is  produced  by  a  No.  5J  Baker's  rotary 
pressure  blower.     The  pressure  is  17  inches  of  water. 

Each  furnace  treats  18  to  20  tons  of  slag  in  about  ten  hours.  One 
man  does  all  the  charging  for  one  furnace.  Below  there  are  two 
men,  one  of  whom  breaks  up  the  slag,  and  one  takes  charge  of  the 
copper.  After  a  ten  hours'  run,  the  furnace  must  be  repaired  before 
it  is  used  again.  There  is  so  much  iron  in  the  slag  that  the  bricks 
in  the  lower  part  of  the  cupola  are  cut  into  about  three  inches,  so 
that  it  would  only  be  possible  for  the  furnace  to  run  a  few  hours 
longer  than  it  does.  In  making  ordinary  repairs,  the  bricks  are 
plastered  over  with  mortar.  Every  three  months  all  the  bricks 
below  the  water-back  must  be  taken  out.  Above  this  point,  except 
replacing  a  few  bricks  in  front,  the  furnaces  last  five  years  without 
repairs.  About  ten  thousand  fire-brick  are  required  per  year  for 
the  repairs  to  the  three  furnaces.  When  a  cupola  has  been  lined 
throughout,  it  must  be  allowed  to  stand  a  few  days  to  get  rid  of  as 
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muoh  moisture  as  possible.     It  is  then  carefully  dried  before  beiug 
heated  up  for  the  charge.     The  bottom  of  the  crucible  is  made  of  two 
cast-iron  doors  (r,  Figs.  1,  2,  and  5,  Plate  IV),  which  are  hinged 
to  the  sides  of  the  cast-iron  bottom-plate,  one  of  which  projects  a 
little  over  the  other.     They  are  held  up  during  the  operation  by  a 
wooden  post  {z,  Fig.  1),  which  is  taken  away  when  any  i'epairs  are  to 
be  made.     The  doors  then  fall  and  leave  the  whole  shaft  accessible 
from    the    bottom.     Occasionally  the   doors   stick;  they   are  then 
pried  down  with  tools.     Sometimes  the  doors  open,  but  the  loupe  in 
the  bottom  does  not  come  out;  it  must  then  be  worked  out  with 
one  or  the  other  of  the  two  tools  {v  and  Wy  Figs.  7  and  8,  Plate  IV), 
to  support  which  a  rest  u  is  used,  which  is  held  in  flanges  t,  cast  in 
the  iron  columns  q.     The  hearth  of  the  crucible  is  put  in  from  the 
inside  by  means  of  a  ladder.     It  consists  of  river-sand,  closely  beaten 
down,  and  is  from  5  to  6  inches  in  thickness.     This  bottom  is  taken 
out  after  each  operation,  as  it  is  very  rich  in  copper,  and  goes  back 
into  the  cupola  furnace.    It  is  charged  with  scrap  rich  in  iron,  and 
is  very  easily  melted.     It  was  formerly  used  in  the  charge  in  the 
reverberatory  furnace.     The  water  bosh  requires  25  gallons  of  water 
per  minute,  and  is  so  regulated  that  the  water  running  out  of  it  is 
very  near  the  boiling-point.     Advantage  is  taken  of  this  discharge 
water  in  winter  to  keep  the  pipes  from  freezing.     For  this  purpose 
the  supply-pipe,  which  is  one  and  a  quarter  inches  in  diameter,  is 
run  through  the  centre  of  an  iron  pipe  three  inches  in  diameter. 
The  hot  water  from  the  water  bosh  discharges  into  one  end  of  this 
pipe  in  the  winter  and  is  discharged  at  the  other,  thus  keeping  the 
supply  from  freezing.     When  the  furnace  in  the  winter-time  is  to  go 
out  of  blast,  the  water  in  the  water  bosh  and  the  cold-water  supply- 
pipe  are  first  emptied,  and  then  the  hot- water  jacket. 

The  men  at  the  furnace  are,  one  charger,  one  slag  man,  one  cop- 
per man,  four  men  at  the  cars,  two  men  with  the  teams,  and  one  at 
the  Blake's  crusher,  who  is  occupied  part  of  the  time  in  crushing  old 
fire-brick  for  the  manufacture  of  the  brick  and  grouting  used  in 
the  repair  of  the  furnaces.  The  slag  flows  continuously,  and  dis- 
charges from  the  slag  spout  (j,  Figs.  1,  2  and  3)  into  a  basin  (n)  made 
of  sheet  iron  and  filled  with  sand  (Figs.  3  and  4),  which  is  placed 
on  a  heap  of  old  slag,  so  as  to  leave  the  top  just  under  the  capital  of 
the  iron  columns  supporting  the  cupola.  There  are  two  of  these  slag 
basins,  but  only  one  of  them  is  used  at  a  time.  They  are  oval  in  shape, 
with  the  ends  cut  off,  and  are  6  feet  6  inches  long,  3  feet  6  inches  wide 
in  the  middle,  and  2  feet  9  inches  at  the  ends.    The  slag  flows  slowly 
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through  this  basin,  where  any  copper,  mechanically  carried  off,  will  be 
collected,  and  then  runs  over  the  opposite  edge  to  the  waste  ])ile. 
Sometimes  a  slag  wagon  (Fig.  11)  is  used  in  the  place  of  the  fixed 
receiver.  This  wagon  is  made  of  iron,  and  is  rectangular  in  shape; 
it  is  4  feet  10  inches  long,  2  feet  wide,  and  17  inches  high.  It  has 
a  round  slag  spout,  6  inches  wide  and  3  inches  deep,  bolted  to  it. 
The  bottom  of  the  wagon  is  26  inches  from  the  ground.  The  slag 
spout  of  the  furnace  is  covered  with  brick  down  to  the  slag  receiver. 
The  slag  flowing  from  the  spout  soon  cools  on  the  surface  in  the 
slag  basin,  but  remains  liquid  underneath,  and  in  order  to  keep  it 
so,  pieces  of  bituminous  coal,  which  are  kept  burning,  are  placed  at 
the  spout  and  on  the  overflow  from  the  basin.  The  slag  is  so  very- 
long  that  it  flows  frequently  10  or  15  feet  under  a  cold  crust, 
the  liquid  occasionally  breaking  out  and  coming  to  the  surface. 
These  slags,  which  are  much  more  fusible  than  they  were  before 
the  cupola  treatment,  owing  to  the  addition  of  the  flux,  should  be 
very  poor.  I  was  not  allowed  to  take  any  samples  for  analysis 
during  my  different  visits  to  the  two  works,  nor  have  I  been  able  to 
obtain  any  since  1869;  but  they  are  said  to  contain  as  low  as  0.25 
per  cent.  If  they  contain  more  than  0.75  per  cent.,  they  are  re- 
treated. From  29  to  30  tons  of  slag  are  made  from  each  opera- 
tion. The  slags  are  allowed  to  accumulate  in  front  of  the  cupola, 
and  are  removed  in  carts  and  used  to  make  ground,  for  which  pur- 
pose they  are  very  valuable. 

The  copper  in  the  slags,  which  is  in  the  state  of  oxide,  is  reduced 
by  the  action  of  the  gases  in  the  furnace;  the  copper  in  grains  set- 
tles, as  soon  as  the  slag  is  melted,  to  the  bottom  of  the  crucible.  It 
is  so  deep  that  there  is  little  fear  of  any  amount  of  the  copper  being 
carried  off  in  the  slag  as  grains,  the  construction  of  the  slag-dis- 
charge being  such  as  to  prevent  it  as  far  as  possible.  If  any  should 
flow  off  it  will  be  caught  in  the  sump  through  which  the  slag  flows. 
There  is  generally  from  thirty  to  one  hundred  pounds  of  it  caught 
here.  Sometimes  a  cake  thirteen  inches  in  diameter,  and  two  to 
three  inches  thick  is  made;  sometimes  a  flatter  cake  of  much  larger 
size  and  w^eight,  depending  on  the  fluidity  of  the  slag. 

At  the  close  of  the  day  when  the  entire  charge  has  run  through, 
the  copper  will  be  ready  to  cast.  The  casting-spout  (/,  Figs.  3  and  4), 
is  made  of  iron,  bolted  upon  the  mantel  of  the  furnace.  It  is  filled  with 
refractory  material,  so  that  as  it  enters  the  furnace  it  is  1  inch  in 
diameter,  but  4  inches  wide  at  the  other  end.  It  is  9  inches  long 
and  2J  inches  above  the  bottom  door,  but  on  a  level  with  the  sand 
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bottom.  The  casting-bed  {m,  Fig.  4),  is  just  below  the  spout.  It  is 
made  of  cast  iron,  is  5  feet  9  inches  by  2  feet  6  inches  wide  and  20 
inches  at  the  ends.  The  middle  of  the  long  side  is  placed  under  the 
spout.  Just  before  the  casting  is  to  take  place  an  iron  hook  is 
placed  in  the  centre  of  this  bed,  in  order  to  allow  of  the  black  cop- 
per being  lifted  from  it.  The  tap-hole  is  then  opened  with  pointed 
iron  bars  and  the  copper  cast  in  a  bed  of  loam.  As  soon  as  it  is 
cool  it  is  raised  by  means  of  an  overhead  crane  (Figs.  12  and  13), 
running  on  rails,  and  charged  on  a  wagon  ready  to  go  to  the  refin- 
ing furnace.  From  a  ten  hours'  run  1800  to  2400  pounds  of  pig 
copper  are  produced,  which  goes  to  the  refining  furnace,  and  is  treated 
with  the  ore. 

At  Pittsburgh  the  slags  when  cool  are  picked  and  separated  into 
ridi  or  foul  slags,  and  poor  slags.  The  foul  slags,  which  are  pro- 
duced after  the  complete  fusion  of  the  copper,  go  immediately  to 
treatment  in  the  reverberatory  furnace,  and  the  poor,  which  are  pro- 
duced during  the  melting,  to  the  cupola.  The  reverberatory  slag 
furnace  is  of  the  same  size  as  the  ore  furnace,  but  the  hearth  slopes 
to  the  side  instead  of  to  the  end.  On  the  sides  of  the  fireplace  there 
are  openings  left  to  admit  all  the  air  required  for  the  oxidation  of 
the  blister  copper. 

The  slags  are  allowed  to  accumulate  until  the  supply  of  ore  ceases, 
which  it  does  in  Pittsburgh  in  the  winter-time,  and  are  then  all 
worked  at  one  time.  If  there  were  more  furnaces  there  they  would 
be  smelted  continuously.  The  product  resulting  from  this  operation 
is  a  pig  copper,  which  is  treated  as  an  ore  with  the  ores.  A  very 
foul  slag  results,  which  will  contain  as  high  as  10  or  12  per  cent,  of 
copper,  which  is  put  back  as  a  flux  in  the  same  furnace.  To  treat  the 
slag  three  tons  are  charged  at  a  time.  It  takes  seven  to  eight  hours 
to  melt  this  amount.  Another  three  tons  are  put  in,  and  so  on,  and 
this  is  continued  for  two  or  three  days.  When  enough  blister 
copper  has  accumulated  in  the  bottom  of  the  furnace  to  cast,  it  is  run 
out  into  three  ^'  pairs  of  pigs,''  by  which  three  pigs  are  meant.  Every 
two  hours  the  slag  is  run  off  the  top  of  the  charge.  This  slag 
contains  4  to  5  per  cent,  of  copper,  and  goes  to  the  cupola  fur- 
nace. The  quantity  of  fuel  required  is  three  tons  of  coal  for  nine 
tons  of  slag,  the  ton  being  counted  as  2000  pounds.  Twelve  per  cent, 
of  this  is  240  pounds  of  black  copper,  so  that  it  must  be  allowed  to 
accumulate  in  the  furnace  for  a  considerable  length  of  time  to  make 
three  to  five  tons  when  it  is  cast.  If,  when  the  slags  are  withdrawn, 
the  melted  copper  is  not  sufficiently  blistered,  the  doors  are  opened, 
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and  it  is  allowed  to  oxidize.      This  furnace  requires  one  melter  and 
one  helper  in  twenty-four  hours. 

The  clean  slag  from  the  copper  smelting  and  all  that  comes  from 
the  reverberatory  furnace  go  to  the  cupola.  The  following  is  a  sam- 
ple of  the  slags  sent  to  the  cupola  at  Pittsburgh  : 

MECHANICAL    ANALYSIS. 

Metallic  copper, 0.22 

Siftings, 99.78 

100.00 

ANALYSIS    OF    THE    SIFTINGS. 

Protoxide  of  iron,  . 10.53 

Copper, 6.44 

Oxygen  with  copper, 1.37 

Oxide  of  zinc, 0.43 

Oxide  of  nickel, 0.08 

Oxide  of  manganese,       ......  0.12 

Alumina, 15.36 

Lime, 11.81 

Magnesia, 2.57 

Silica, 49.83 

97.54 

The  cupola  furnace  is  of  the  ordinary  kind,  and  stands  on  iron 
pillars  30  inches  from  the  ground.  From  the  platform  above  the 
pillars  it  is  10  feet  high.  It  is  3  feet  in  diameter  throughout.  The 
three  tuyeres  are  on  the  same  level, and  are  18  inches  above  the  bot- 
tom of  the  furnace.  These  tuyeres  are  not  equally  spaced  around 
the  furnaces;  two  are  at  18  inches,  and  the  third  at  26  inches  from 
these,  so  as  to  prevent  a  counter  action  of  the  blast.  The  space  be- 
low the  tuyeres  forms  the  crucible.  There  is  no  crucible  proper,  as 
in  the  furnaces  at  Hancock.  The  bottom  is  closed  with  iron  doors, 
and  is  held  in  place,  when  the  furnace  is  in  blast,  by  an  iron  bar. 
The  hearth  proper  on  the  top  of  these  doors  is  made  of  about  a  foot 
of  sand  well-beaten,  with  an  inclination  from  every  direction  towards 
the  tap-hole.  The  casting-beds  are  cast-iron  boxes  6  feet  long  and  3 
feet  deep  placed  a  little  below  the  level  of  the  tap-holes.  The  sides 
of  the  box  are  made  of  two  pieces  bolted  together  by  flanges  cast  on 
them ;  the  ends  are  bolted  upon  the  side.  The  slag  spout  for  the 
overflow  is  cast  on  the  end  piece.  There  are  two  of  these  beds,  on 
opposite  sides  of  the  furnace.  They  are  used  on  alternate  days,  so 
as  to  give  an  opportunity  for  repairs.  They  are  lined  with  one 
thickness  of  brick  and  have  a  bottom  of  sand.  The  pressure  of  the 
blast  is  12  inches  of  water. 
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The  charge  of  the  cupola  is  simply  coke  and  slag,  occasionally  a 
little  lime  is  added,  but  this  is  not  generally  done.  The  iron  and 
the  sulphur  in  the  coke  make  the  resulting  pig  metal  very  hard,  and 
there  is  frequently  sufficient  sulphur  in  the  coke  to  form  a  small 
quantity  of  thin  matte  which  runs  out  on  top  of  the  blister  copper. 
The  furnace  is  run  twelve  hours  at  a  time  for  six  weeks  without  re- 
pair. It  is  always  allowed  to  cool  overnight.  The  tap-hole  is 
always  open,  and  the  melted  material  is  allowed  to  run  from  it  con- 
tinuously. The  copper  and  slag  together  are  caught  in  the  casting- 
bed;  as  it  is  quite  long  and  deep  the  copper  has  time  to  settle  at  the 
bottom.  The  excess  of  slag  flows  over  the  slag  spout  and  for  con- 
venience of  transportation  is  caught  in  a  cast-iron  slag  wagon,  which 
is  18  by  28  inches  on  the  top,  and  12  by  20  inches  on  the  bottom, 
and  10  inches  deep. 

The  copper  is  collected  as  a  mass  from  the  bottom,  of  the  casting- 
bed  at  the  end  of  a  run.  From  700  to  1000  pounds  are  got  at  a 
tapping,  with  the  expenditure  of  50  bushels  of  coke  (each  bushel 
weighing  40  pounds),  and  the  labor  of  four  men,  who  do  all  the  work 
of  the  furnace.  This  black  copper  is  allowed  to  accumulate,  and  is 
treated  by  itself  in  the  slag-reverberatory  furnace  for  blister  copper. 
The  slags  which  come  from  the  cu})ola  are  always  poor.  If  there 
were  any  rich  slags  they  would  be  put  back  at  once  into  the  cupola. 
The  metal  from  the  cupola,  although  it  contains  but  very  little  sul- 
phur, is  called  a  matte,  or  white  metal.  An  examination  of  it  showed 
that  it  was  composed  of  8.86  per  cent,  of  metallic  copper,  and  91.14 
per  cent,  of  a  matte  containing  60.23  per  cent,  of  copper.  This  matte 
is  charged  in  the  reverberatory  furnace,  and  treated  for  blister  or  pig 
copper.  Five  tons  are  charged  in  the  furnace  twice  a  day,  and  are 
roasted  for  about  eleven  hours.  As  soon  as  melted  it  is  skimmed 
and  cast  as  bell  metal.  It  contains  more  copper  than  white  metal, 
and  is  metallic  on  the  bottom,  and  nearly  white  on  the  top.  In  the 
twenty-four  hours  the  10  tons  of  white  metal  gave  4 J  tons  of  bell 
metal.  The  slags,  if  rich,  are  put  directly  back  into  the  furnace, 
but  all  poor  slags  go  to  the  cupola  and  are  treated  there.  When 
about  20  tons  of  bell  metal  have  accumulated  it  is  treated  for  blister 
copper.  Five  tons  are  charged,  roasted  as  before,  and  about  the 
same  quantity  of  blister  is  made. 

The  extraordinary  purity  and  high  quality  of  Lake  copper  is 
owing,  for  the  most  part,  to  the  purity  of  the  ores  from  which  it  is 
made;  but  is  due  also,  in  some  respects,  to  the  uniform  care  with 
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which  it  is  refined.  On  the  vvliole,  no  other  copper  in  this  country- 
is  so  carefully  smelted.  With  equal  care  on  the  part  of  the  com- 
panies in  some  of  the  other  copper  districts,  copper  in  every  respect 
equal  to  it  could  be  made  ;  but  this  care  it  does  not  receive.  It  is 
all  the  more  necessary  that  the  refining  of  the  coppers  which  are 
made  from  pure  sulphurous  ores  should  be  carefully  done,  since 
small  amounts  of  cobalt,  nickel,  lead,  and  zinc  are  invariably  present 
in  them  and  injure  the  quality  of  the  copper,  especially  for  electri- 
cal purposes,  when  these  metals  are  not  separated.  Most  of  these 
metals  could  be  removed,  but  it  is  not  done  on  account  of  want  of 
care  in  refining.  There  is  hardly  an  operation  in  the  whole  range  of 
metallurgy  so  delicate,  and  which  requires  such  nice  perception,  such 
judgment,  and  such  mechanical  skill.  The  men  easily  acquire  this, 
provided  there  is  some  one  to  guide  them,  and  their  pride  is  stimu- 
lated as  it  is  on  the  Lake. 

The  ingredients  contained  in  Lake  copper  are  at  most  seven.  These 
are  copper,  iron,  nickel,  cobalt,  zinc,  lead,  and  silver;  occasionally 
there  is  a  little  trace  of  sulphur,  which  probably  comes  from  the 
coal.  The  lead  and  zinc  are  doubtless  in  the  ore  in  very  variable 
proportions,  but  there  is  no  doubt  that  the  presence  of  lead  is,  in 
many  cases  at  least,  owing  to  the  fact  either  that  the  lead  has  been 
put  in,  or  the  refining  has  been  done  in  a  furnace  in  which  lead  lias 
been  used.  Scrap  copper  is  not  used  to  any  extent  on  the  Lake, 
but  all  the  other  refineries  use  it,  and  this  is  one  of  the  sources  of 
the  lead.  In  some  of  the  refineries  the  Lake  ingots  are  melted  to  get 
them  into  a  more  convenient  shape  for  commercial  uses.  When  this 
is  done  in  furnaces  where  other  material  has  been  treated,  impurities 
are  certain  to  be  introduced  from  the  hearth.  All  such  material  goes 
into  the  market  as  Lake  copper,  hence  the  great  variety  of  composi- 
tion. The  Lake  copper  is  entirely  free  from  arsenic,  antimony, 
and  bismuth.  It  is  not,  however,  always  equally  well  refined,  nor 
does  it  always  continue  of  the  same  [ntch  from  one  end  of  the  casting 
to  the  other.  I  was  not  allowed  to  take  samples  for  analysis  at  the 
Lake,  as  I  was  at  Pittsburgh,  but  that  the  pitch  frequently  changes  is 
evident  to  the  eye  accustomed  to  watch  the  furnaces;  but  these  dif- 
ferences for  ordinary  grades  of  copper  are  not  noticeable.  It  is  only 
when  very  high  grades  of  copper  are  required  that  they  become  of 
importance. 

More  than  fifty  analyses  have  been  made  to  test  the  whole  ques- 
tion of  the  condition  of  the  copper  in  the  various  stages,  and  over 
thirty  of  the  ingot  copper,  some  examples  of  which  I  give  below.    It 
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is  very  interesting  to  watch  the  variation  in  the  quantity  of  oxygen 
as  well  as  in  the  amounts  of  the  other  impurities  which  do  not  remain 
constant  during  the  same  operation,  showing  beyond  a  doubt  that  as 
a  whole  the  bath  of  copper  is  not  homogeneous  in  composition. 

No.  1.    No.  2.    No.  3.    No.  4.    No.  5.    No.  6.    No.  7.      No.  8.      No.  9.    No.  10.    No.  11. 


99.89 
0  005 

99.87 

99.83 

0.003 

0.003 

0.003 
trace 

0.03 
0.19 

0.02 
0.27 

0.03 
0.22 

No.  6. 

No.  7 

99.82 

99.81 
0.008 

Copper 99.92     99.90       99.89      99.87       99.83      99.82  99.81          99.80       99.740        99.55       99.55 

Iron 0.005     .' 0.008      0.011  0.03         0.05 

Nickel 0.002 

Cobalt trace     trace 


99.80 

99.740 
0.011 

99.55 
0.03 

0.02 

trace 

0.012 
0.024 
0.014 

0.04 

0.28 

0.07 
0.37 

Lead 

Silver 0.03       0.03        0.03         0.02        0.03        0  06         0.03  0.04         0.024  0.07         0.04 

Oxygen 0.28      0.28        0.19        0.27        0.22        0.28        0.30  0.28         0.014  0.37        0.20 

100.23  100.212  100.118  100.163  100.083  100.25  100.148   100.14   99.801   100.02   99.84 

These  eleven  analyses  show  that  the  samples  are  of  a  higher  quality 
than  any  of  those  before  published.  They  have  been  selected  as  ex- 
amples of  what  can  be  done.  The  more  common  determinations  of 
copper  are  99.78,  99.72,  99.73,  99.58,  99.53.  The  amount  of  lead 
varies  from  nothing  to  0.044.  Twelve  samples  gave  the  following 
results:  No.  1,  0.016;  No.  2,  0.044;  No.  3,  0.012,  No.  4,  0.025; 
No.  5,  .014;  No.  6,  .014;  No.  7,  .005;  No.  8,  .033;  No.  9,  .011  ; 
No.  10,  .013 ;  No.  11,  .018  ;  No.  12,  .016.  The  silver  varies  from 
0.02  up  to  0.12  per  cent.  It  is  not  evenly  distributed  through  the 
mass,  as  the  eleven  samples  taken  from  the  same  charge  at  intervals 
of  half  an  hour,  whose  analyses  are  given  above,  show  differences  of 
several  ounces.  The  following  determinations,  which  were  made  at 
intervals  of  fifteen  minutes,  also  indicate  the  same  want  of  homo- 
geneity. They  are  arranged  in  the  order  in  which  the  samples 
were  taken  : 

0.013  0.013  0  004  0  032  0.010  0.012 

The  amount  of  iron  is  exceedingly  variable;  many  coppers  do  not 
contain  it  at  all.  The  limits  that  I  have  found  are  0.01  to  0.04  per 
cent.  Nickel  and  cobalt  vary  very  much.  They  are  often  entirely 
absent.  The  quantity  of  cobalt  even  when  present  is  generally  too 
small  to  be  weighed;  it  varies  from  0.002  to  0.08  per  cent.  Zinc 
can  almost  invariably  be  found,  but  is  generally  in  too  small  quan- 
tities to  be  determined.  Very  often  it  can  only  be  detected  by  the 
spectroscope.  A  series  of  determinations  in  which  the  cobalt,  nickel 
and  zinc  were  determined  together,  the  quantity  of  cobalt  and  zinc 
having  been  found  too  small  to  separate,  gave  the  following  results: 
0.069,  0.017,  0.021,  0.052,  0.002,  0.063,  0.006,  0.053,  0.07.  Four 
other  determinations  gave  0.10  each,  two  0.11  each,  and  four  0.12 
each. 

The   copper  which  is  made  from  ores  found  in  Arizona  seems 


p 


k 


TraMsacMoMs  of  tlae  American  Iitistitnte  ©f  Miilig  Eigimeers.    ¥©1.  IX.         Egleston.— €opper  KellLing.— Plate  L 


a  Stura^  fur  itavcs  and  bitml  hc^dj. 

b  &torD[^  for  sUvea  end  barrel  beails. 

c  Cooper  ehops. 

d  Cupola  house. 

d  Engiine  house  and  blacksmith  shop. 

/  Old  furaaco  house. 

g  New  furnace  bouse. 

h  Sltig  bins. 

J  Office. 


A  eay  oi'flce. 
General  storehoata. 
Shg  bins. 
Hicb  elag  heapa. 
Lime  stone  heap. 
Coal  heap. 
Ccal  bins. 
RuIroadA. 


PL^iN  OF  THE 


DETROIT  &  LAKE  SUPERIOR  SMELTING  WORKS 


U  (r>f  Wiimi-CIoiniBeF  Keflniinig.— Plate  IM, 


L 


Traiisactioiis  of  itle  Americaia  iBstitmte  of  Winimg  EmglneeFS.    YoL  IX.         Egleston  — €opper  Meflmng.— Plate  L 


e 


a  Storatre  for  staves  and  bnrrcl  hectL.  A  Aisay  office. 

6  Storn^  for  stares  and  barrel  Leads.  m  General  storehooM, 

c  Cooper  shops.  n  Slig  bins. 

d  Cupola  house.  o  Rich  elag  heapa. 

«  Engine  house  and  blacksmith  shop.  p  Lime  stone  heap. 

/  Old  furoace  house.  q  Coal  heap. 

g  New  furuace  house.  r  Ccal  hlnfl. 

h  Slag  bins.  t  R&ilroadfl. 

_;'  Office. 


PLAN  OF  THE 


DETROIT  &  LAKE  SUPERIOR  SMELTING  WORKS 


te  (Off  MiMi-CoppeF  EeiMiirug,— Plate  111 


6      0  1  2 

TTSBURGH 


Tmnsidloiis  of  llio  Amprlran  liinlllulp  of  MliiliiR  Knitliipriii.    Vol.  IX. 


L..... 


tIDt  tUVATION 


A 


LL 


SIDE   ELEVATION 


^O^ 


^^*i  ^ 


"^ — -J" ^ 


iJi 


-_J 


^t»wJ»-«5__ 


REVERBERATORY     FURNACE     AT     THE     LAKE     SUPERIOR     SMELTING     WORKS. 


Transactions  of  tlio  American  Imsitiltntc  of  MUnling  Engineers.    VoL  llj;. 


Egleston.— C!opi>er  Beflntng^Plate  IT. 


Ta-fmsBCtioiis  ©f  tlie  AmericaE  Iimsititrate  of  Mimiinig  Einigtaeers.    Vol.  IX. 


Egllestoii.— Copper  Eefining.— Plate  III. 


Fig.l 


Fig.3 


I. 


rig.4 


Fig.2 


1  "1    j=- 


-aij 

^ 

[ 

— ti 

7^  c,,.,,,;::^ 

SECTION  C: 


PITTSBURQH   COPPER    MELTING    FURNACE 


COPPER   REFINING   IN   THE   UNITED   STATES.  729 

likely  to  be,  when  carefully  refined,  even  superior  to  Lake  copper. 
I  have  had  no  opportunity  to  follow  the  refining  of  the  pig  as  closely 
as  I  have  done  the  refining  of  Lake  copper,  but  examinations  that  I 
have  made  of  some  of  the  copper  produced  show  that  it  is  of  excep- 
tional purity.     The  following  are  the  results  of  two  analyses: 

Copper, 99.990  99.990 

Iron, 0.021  0,014 

Zinc, trace  trace 

Silver, 0.008  0.008* 

100.019  100.012 

No  other  metals  were  discovered,  although  careful  search  was 
made  for  them  on  large  quantities  of  the  copper.  The  very  small 
amount  of  silver  in  the  coppers  of  this  district  is  very  remarkable. 

In  examining  recently  some  copper  made  from  Colorado^ores, 
which  was  so  cold-short  that  cracks  nearly  half  an  inch  deep  were 
shown  in  the  copper  after  its  second  passage  in  the  rolls,  I  discovered 
a  very  appreciable  percentage  of  tellurium.  The  copper  could  only 
be  used  for  making  a  brass  of  very  poor  quality.  This  is  the  first 
time,  so  far  as  I  know,  that  this  metal  has  ever  been  found  in  refined 
copper.  I  hope  to  be  able  to  make  a  careful  examination  of  this 
material. 

What  is  mo.st  remarkable  about  all  the  American  coppers,  as  well 
the  Lake  coppers  as  those  from  some  of  the  Eastern  sulphurous 
ores,  is  the  entire  absence  of  arsenic,  antimony  and  bismuth,  which 
would  indicate  that  the  copper  is  of  very  high  quality. 

The  copper  made  from  impure  Western  sulphurous  ores  is  not  so 
good,  as  the  analysis  given  below  shows. 

Copper, 99  650 

Oxygen, none 

Carbi)n, none 

Sulphur,        . none 

Arsenic, 0.088 

Antimony, 0.035 

Lead, 0.044 

Silver, 0  0G6 

99.883 

Other  sulphurous  ores  free  from  arsenic  and  antimony  give  copper 
equally  pure,  as  the  analyses  of  the  copper  from  Ore  Knob  show. 

*  This  amounts  to  but  little  over  two  dollars  to  the  ton. 
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Copper, 99.80 

Oxy<;en, 0.39 

Carbon,  ..........  none 

Suljihur,  .         .         .         .         .         .         .         .         .         .  none 

Arsenic,  ..........  none 

Antimony,  ..........  none 

Lead,               '        .         .         .  0.01 

Silver,              0.05 

100.25 

There  is  every  reason  to  believe  that  if  the  pure  ores  of  the  great 
Appalacliiaii  Range  were  carefull}'  worked,  they  would  yield  a 
quality  of  copper  in  every  respect  equal  to  Lake,  except  perhaps,  on 
account  of  the  cobalt  and  nickel,  for  the  single  quality  of  electrical 
conductivity,  and  even  here  they  might  sometimes  compete. 

The  tensile  strength  of  Lake  copper  as  shown  by  several  tests 
made  on  the  U.  S.  testing  machine,  is  30,790  pounds  to  the  square 
inch. 

In  conclusion  I  beg  to  express  my  thanks  to  Mr.  J.  Park,  Jr., 
and  to  Dr.  C.  G.  Plussey,  of  Pittsburgh,  for  drawings,  and  for  in- 
formation relating  to  the  history  of  smelting;  and  to  Mr.  H.  Johns, 
of  the  Soho  Works,  who  has  given  me  many  points  of  historical 
interest,  lias  taken  for  me  all  the  samples  for  analysis  for  which  I 
have  asked,  and  has  kept  some  of  the  charges  in  the  furnace  waiting 
for  me  to  study  them. 

j 

RELATIONS  OF  THE  GRAPHITE  DEPOSITS  OF  CHESTER        ' 
COUNTY,  PA.,  TO  THE  GEOLOGY  OF  THE  ROCKS 
CONTAnMAG  THEM.'' 

BY  PROFESSOR  PERSIFOR  FRAZER,  PHILADELPHIA. 

Among  the  geological  problems  with  which  the  present  Pennsyl- 
vania Geological  Survey  has  had  to  deal  is  the  relative  age  of  a  m 
series  of  strata  passing  around  and  through  the  city  of  Philadelphia, 
Bucks,  Chester,  and  Delaware  counties.  Rogers  includes  all  these 
rocks  in  his  hypozoic  series,  and  every  student,  so  far  as  the  writer 
knows,  with  one  exception,  has  assigned  to  them  a  position  beneath 
the  Potsdam  sandstone,  or  "  Primal "  of  that  eminent  and  gifted 
geologist. 

So  far  as  regards  the  small  portions  of  this  belt,  to  which  it  is  the 
intention  of  the  present  paper  to  draw  attention,  even  the  one  geolo- 

*  Kead  at  the  Lake  Superior  Meeting,  August,  1880. 
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gist,  whose  views  of  other  portions  of  the  belt  have  been  alliicled  to 
above  as  being  different  from  the  rest  (Mr.  Charles  Hall),  is  in 
accord  with  all  others  as  to  its  being  below  the  horizon  of  the  Pots- 
dam. The  rocks  are  of  very  different  texture,  and  change  rapidly 
in  character  within  small  distances  within  the  area  alluded  to;  and 
this  is  not  the  only  lithological  difficulty  which  they  present,  for  the 
character  of  one  of  the  rocks  itself  is  oftentimes  so  ambiguous  as  to 
lead  the  observer  to  doubt  whether  it  be  a  true  con  (glomerate,  or 
breccia,  or  a  crystalline  rock.  Similar  difficulties  in  determining  the 
true  character  of  rocks  are  not  infrequently  met  with  by  geologists; 
and  a  similar  case  has  been  alluded  to  by  the  writer  in  his  report  on 
the  geology  of  Adams  and  York  counties,  Pennsylvania. 

Passing  up  the  eastern  feeder  of  the  north  branch  of  the  Brandy- 
wine,  north  of  Downingtown,  the  rocks  appear  to  pass  from  quartzite 
to  hornblendic  gneiss,  but  at  what  precise  point  is  not  clear.  Almost 
every  imaginable  variety  of  transition  rock  is  found. 

Proceeding  in  like  manner  along  the  road  which  divides  both 
townships  in  opening  a  way  from  Lionville  to  Stephen  Griffith's 
store,  after  leaving  the  quartzite,  which  is  with  comparative  certainty 
to  be  ascribed  to  Potsdam  age,  south  of  Lionville,  we  find  about  that 
town  this  weathered  feldspathic  rock,  taken  at  diffi^rent  times  for  a 
conglomerate  with  bluish  quartz  and  a  matrix  of  feldspar,  and  again 
for  an  original  crystallized  rock.  Then  fallows  a  stretch  of  road  on 
which  quartz  debris  principally  predominates  without  admitting  of 
any  certain  surmise  as  to  its  original  condition  ;  then  more  of  the 
feldspathic  rock  to  the  town  of  Windsor  and  beyond  it,  when,  after 
an  interval  of  loose  sand,  the  feldspathic  granite  continues  to  the 
northern  edge  of  the  county,  interrupted  only  once  by  the  oecur- 
rence  of  fragments — possibly  transported — of  quartz  or  sandstone. 

Near  the  town  of  Windsor,  and  some  quarter  of  a  mile  south  of 
the  Phoenixville  and  Pickering  Valley  Railroad,  is  a  mine  opened 
for  graphite,  and  now  owned  by  the  Pennsylvania  Grapiiite  Com- 
pany of  Reading.  This  company  leased  500  to  600  acres  of  the 
estate  of  John  Todd,  deceased;  and  one  mine  adjoining  the  mill  has 
been  running  continuously,  ever  since  the  graphite  was  discovered 
lying  in  flakes  on  the  ground,  by  Mr.  Berrett  and  Dr.  Thomas 
Brown.  This  belt  of  feldspathic  rock  with  bluish  or  amethystine 
quartz,  containing  graphite,  has  been  traced  all  thfe  way  to  Phoenix- 
ville, and  in  the  same  course,  but  opposite  direction,  to  the  Brandy- 
wine;  but  its  occurrence  in  quantity  is  confined  to  a  width  of  a  few 
hundred  yards,  though  its  existence  can   be  proved  on  almost  any 


732  GRAPHITE   DEPOSITS   OF   CHESTER   COUNTY,  PA. 

farm  in  the  district.  Another  belt,  nearly  parallel  with  this  one, 
runs  through  Pughtown,  but  is  said  not  to  be  as  rich  as  this  one,  by 
those  interested  in  the  latter. 

The  mine  is  opened  about  60  feet  in  depth  by  open  stope  along 
500  feet  of  the  outcrop.  The  portion  of  the  rock  sufficiently  per- 
meated by  graphite  to  pay  for  excavation  was  12  to  15  feet  from 
wall  to  wall.  The  dip  of  the  underhand  stope  is  south  15°  E.-30°. 
At  the  western  extremity  of  the  gangway  the  rock  is  a  decom- 
posed gneissoid  rock  containing  several  large  horses  of  a  whitish  rock, 
similar  in  character  to  the  foot. 

From  50  to  80  car  loads  were  sent  up  per  day  (August  12th, 
1880),  each  car  containing  about  half  a  ton.  The  ore  contains 
perhaps  4  per  cent,  graphite.  The  engine  is  30  horse-power, 
working  pumps  by  flat  rods,  making  five  3-foot  strokes  a 
minute,  and  throwing  3  or  4  gallons  to  the  stroke.  Seven  hours' 
pumping  keeps  the  mine  dry  for  twenty-four  hours.  Twenty-eight 
men  were  employed  in  the  mill  and  twelve  in  the  mine;  five  miners, 
at  $1.25,  and  seven  laborers,  at  $1.10  per  day.  The  engine  runs 
the  pumps  during  the  night  and  the  machinery  during  the  day.  The 
car  drivers  work  on  contract  for  six  cents  a  car. 

The  rock  from  the  mines  is  crushed  and  passed  into  an  agitator, 
where  it  is  jigged,  the  lumps  having  been  broken.  Two  men  manage 
the  washers  on  night  and  day  shifts  at  $1.10.  Two  men  and  two 
boys  are  employed  at  the  mill.  From  the  jig  or  agitator  the  ore  is 
carried  to  the  furnace,  where  it  is  heated  and  separated  into  four 
parts.  The  first  ("No.  2'')  is  gravel  of  the  size  of  a  pea  and  quite 
free  from  graphite. 

The  next  is  the  cleanest  part  of  the  first  separation,  but  still  con- 
tains 33  per  cent,  to  50  per  cent,  impurity  (''No.  3"). 

The  next  is  the  fine  dust,  containing  a  large  proportion  (50  per 
cent.  ?)  of  graphite,  but  which  is  thrown  away  (''No.  4'^). 

Altogether  in  mill  and  separator  about  four  tons  of  anthracite 
(Schuylkill  coal)  at  $5  are  used  j)er  day. 

The  first  grade  from  the  separator  is  brought  to  the  mill,  where  it 
is  ground  in  Cornish  rolls,  falls  into  a  vat,  and  is  carried  by  an 
elevating  belt  up  to  the  loft,  where  it  is  bolted  through  bolting 
cloth,  and  is  conducted  thence  to  the  kiln.  The  bolting  cloth  here 
used  is  a  wire  screen,  60  meshes  to  the  inch.  The  operations  are 
somewhat  in  order  as  follows : 

I.  The  product  of  the  separator  is  crushed  in  iron  rolls,  and  is 
carried  to  the  top  of  the  building,  where  it  is  bolted. 
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II.  It  is  then  dried  in  kilns.  (The  fine  is  huddled,  and  is  then 
treated  along  with  the  rest  by  process  III.) 

III.  The  material  is  bolted  through  two  bolting  cloths  No.  12, 
like  grist-mill  cloths,  and  separated  into  1,  2,  and  3  grades.  No.  3 
is  the  finest.  This  latter  grade,  ground  in  a  buhr  and  bolted  again, 
produces  the  finished  product.  The  quality  of  this  article  appears 
to  be  excellent. 

The  chief  interest  here,  however,  of  this  graphite  deposit  is  found 
in  the  light  that  it  sheds  on  the  })robable  age  of  the  rocks  in  which  it 
occurs.  In  the  first  ])lace,  the  occurrence  of  graphite  in  such  large 
quantities  would  lead  us  to  ascribe  the  rocks  which  contain  it  to 
either  the  Laurentian  or  the  Huronian  period.  It  is  true  that 
graphite  is  met  with  in  the  Lower  Silurian,*  and  it  has  been  thought 
to  have  been  recognized  in  the  Carboniferous,  but  not  in  the  form  in 
which  we  here  view  it.  From  other  analogies  Dr.  Hunt,  in  the  essay 
on  the  Geognosy  of  the  Appalachian  and  the  Origin  of  Crystalline 
Mocks,  is  induced  to  ascribe  to  this  region  the  age  of  the  Green  Moun- 
tain series,  and  the  occurrence  in  these  rocks  of  graphite  would  tend 
to  increase  this  resemblance. 

It  will  naturally  occur  to  one  that  if  the  original  graphitic  Lau- 
rentian or  Huronian  rocks  had  been  torn  up  and  made  over  that 
their  constituents  would  also  exist  in  the  newly-formed  rocks.  The 
manner  in  which  the  graphite  is  distributed  forbids  this  su[)position. 
For  being  of  much  lower  specific  gravity  than  the  matrix  in  which 
it  is  imbedded,  a  disintegration  of  the  rock  would  lead  to  the  aggre- 
gation of  the  graphite  into  the  same  horizon  or  bed,  whereas  it  is 
disseminated  entirely  through  the  rocks  in  which  it  occurs. 

It  would  seem,  therefore,  to  tend  to  show  that  the  age  of  these 
rocks  was  Laurentian  or  lower  Huronian. 

*  See  T.  S.  Hunt,  Chemical  and  Geological  Essays. 
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"  A  "  furnace  of  the  Edgar  Thomson  Steel  Company,  70. 

Absohite  strength.     See  Tensile  strength. 

Academy  of  tlie  Fine  Arts,  Phihidelphia,  reception  at,  283. 

Action  of  Common  Salt  and  other  Bdated  Crystalline  Salts  in  Wire- drawing  (Thompson), 
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301.  No  action  on  the  iron,  301.  Temperature  of  the  die,  301,  302.  Theory 
of  the  action  of  the  salt — formation  of  a  plastic  sheath,  302.  Regelation,  302, 
303.  Confirmatory  experiments  of  piessing  salt  between  liard  steel  cylinders, 
303. 

Adalbert  ore-dressing  house,  Pribram,  Bohemia,  445. 

Adalbert  shaft,  Pribram,  the  deepest  in  the  world,  424. 

Adalbert  slime-concentrating  house,  Pribram,  450. 
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296.  Steel  rails,  296.  Steel  castings,  Terrenoire  process,  297.  Krupp's 
washing  process,  297.  Basic  process,  297.  Improvement  in  quality  of  Bessemer 
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duction, 297.  Petroleum  production,  298.  Macliinery,  mention  of  new  inven- 
tions, 298.  Railroads,  miles  constructed,  298.  Influence  of  the  Institute,  299. 
Tabular  statement  of  production  of  mining  and  metallurgical  products  from 
1871  to  1880,  299. 

Akerman,  Rich.  Discussion  of  steel  rails,  004.  Too  early  to  stipulate  one  definite 
chemical  composition  for  rails,  604.  Manganese  renders  iron  hard  and  brittle, 
604.  Manganese  can  also  neutralize  tendency  to  red  shortness  of  sulphur  and  to 
brittleness  of  phosphorus,  605.  Properties  of  rails  dependent  on  manufacture 
as  well  as  chemical  composition,  605.  German  test  of  contraction  of  area  dis- 
approved, 005.     Falling  test  gives  greater  safety,  {JOb. 

Alabama :  Supplement  II.  to  a  Catalogue  of  official  geological  reports,  621.  Water- 
power  in,  401. 

Alexander,  J.  S.,  in  charge  of  exchange  of  collections,  287. 

Al^ce  furnace  of  the  Etna  Iron  Works,  Ohio,  68. 

Al'ouez  copper  mine,  Lake  Superior,  684. 

Alloys  of  gold,  effect  of  mercury  on,  647-649. 
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Alumina  as  a  flux  in  the  blast  furnace,  17,  20.     Aluminous  iron  ores,  13-20. 

Aluminium  ores,  list  of,  102. 

Amalgamation  of  gold,  efiect  of  rustiness,  647,  and  of  alloys,  647-649. 

American  iron  and  steel  rail  mills,  capacity  of,  580,  581. 

American  Philosopliical  Society,  session  held  in  hall  of,  283. 

American  rail  specifications,  215. 

Amount  of  Manganese  required  to  remove  the  Oxygen  from  Iron  after  it  has  been  Blown  in 
the  Bessemer  Converter  (Ford),  283,  395.  Only  one-fourth  of  the  oxygen  in  the 
iron  requires  to  be  absorbed  by  manganese,  395.  Experiments  at  the  Edgar 
Thomson  works  in  support  of  this  statement,  396,  397. 

Amsler's  planimeter  for  measuring  areas,  517. 

Analyses  (see  also  Assays) :  Beauxite,  19.  Coals,  Anthracite,  662.  Bitumi- 
nous coals  and  coke,  657-662.  Coal  and  coke  from  Gunnison  County,  Colo- 
rado, 251.  Coal  occurring  in  a  quartz  druse,  654,  655.  Iron-cinders,  and 
SLAGS,  At  Warwick  blast  furnace,  54.  Mill  cinder,  14,  55.  Bessemer  slags,  261 
-264.  From  smelting  Chateaugay  magnetite,  74,  80,  83.  •  Copper,  726-730. 
Copper  ores,  678  ;  from  Carroll  County,  Md.,  38,  39,  40.  Copper  slags,  695, 
698,  699,  700,  725.  Copper  furnace  bottom,  692.  Gas  from  blast  furnace,  485. 
Iron  ores,  American  Bessemer  ores,  16.  Belfast  ore,  19.  Boyertown,  Pa.,  mag- 
netite, 55.  Chateaugay  magnetite,  74,  81.  Cornwall  magnetite,  55.  Flourtown 
Pa.,  hematite,  55.  Lancaster  County  hematite,  55.  Seisholtzville  magnetite, 
55.  Westchester  aluminous  magnetite,  19.  Ores  used  at  the  Warwick  fur- 
nace, 55.  Iron  wire,  673.  Limestone  used  at  the  Pittsford  furnace,  73.  Pig 
IRON,  In  course  of  a  Bessemer  blow  at  Bethlehem,  259-261.  Made  at  Pittsford 
furnace,  81.  Steel,  Basic  steel,  598.  Bridge  rods,  381.  Bessemer  steel,  259- 
261,  548,  673.  Crucible  steel,  548,  673.  Die  steel,  549.  Phosphor  steel,  598. 
Steel  rails,  326,  539.  Swedish  iron  wire,  673.  W^ter  of  drive  wells,  near 
Worcester,  Mass.,  272.     Wire,  673. 

Analysis  of  statistics,  608. 

Angle  fisli  plates.     See  Fish  plates. 

Anna  ore-dressing  house,  Pribram,  Bohemia,  425,  426. 

Annealing  steel,  compared  with  Reese's  process  of  dnctilizing  steel,  527,  528. 

Annual  meeting :  Proceedings  of,  275.     Papers  of,  291. 

Annual  report  of  the  Council  of  the  Institute,  286. 

Anthracite:  Production,  294,  299.  Preparation,  294.  Utilization  of  culm,  294. 
Condition  of  sulphur  in,  662.     Washing,  446. 

Anthracite  coal-fields  of  Pennsylvania,  a  new  method  of  mapping,  506.  Accuracy 
of  surveys,  507. 

Antimony,  efiect  on  the  amalgamation  of  gold,  648,  649. 

Antimony  ores,  list  of,  102. 

Argentiferous  ores.     See  Silver  ores. 

Arrastre  compared  with  stamp  mill,  649,  650. 

Arsenic,  effect  on  the  amalgamation  of  gold,  648,  649. 

Arsenic  ores,  list  of,  103. 

Artificial  fuel,  utilization  of  culm,  294. 

Ash  of  fuel,  a  source  of  silicon  in  pig  iron,  492. 

AsHBURNER,  Charles  A.,  Brazos  Coal-field,  Texas,  285,  495.  New  Method  of  Map- 
ping the  Anthracite  Coal-fields  of  Pennsylvania,  283,  506. 

Assays  of  gold  ores  from  Marmora,  Canada,  411-416. 

Assay  value  of  gold  and  silver  ores,  103. 

Assay  Spitzlutte  (Eichards),  284,  318.     Rittinger's  spitzlutte,  318.     Form  adapted 
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forsmall  tests  at  the  Massachusetts  Institute  of  Technolo;,'y,  318.     Applicability 

and  details  of  working,  319,  320.     Separation  of  amalgam  from  pulp,  320.     Jig 

for  lecture  experiment,  320. 
Associates,  election  of,  8,  281,  282.     Changed  to  members,  8,  232. 
Atlantic  copper  mine.  Lake  Superior,  684,     Visit  to,  4.     Session  of  summer  school 

of  practical  mining,  GQG. 
Atmospheric  stamps,  duty  of,  90,  94,  99. 
Auriferous  ores.     See  Gold  ores. 

Auriferous  Slate  Deposits  of  the  Southern  Mining  Region  (Mell),  288,  399. 
Averages  of  results.     See  Dr.  Dudley's  tables.     Unreliable,  r)36,  577. 
Autunite,  occurrence  in  silver  sandstones  of  Southern  Utah,  27. 
Azurite :  Occurrence  in  silver  sandstones  of  Southern  Utah,  27,  28.      In  Carroll 

County,  Md.,  34. 

"  B"  Furnace  of  the  Edgar  Thomson  Steel  Company,  large  output,  66,  295. 

Baker's  rotary  pressure  blower,  721. 

Balbach's  works,  Newark,  N.  J.,  tests  of  gold  ores  from  Marmora,  Canada,  413. 

Ball  stamps,  duty  of,  90,  93,  99. 

Baltimore,  Md.:  Copper  works  of  Pope,  Cole  &  Co.,  40.  Furnaces  to  melt  mas.s 
copper,  679. 

Barbee,  Judge,  prospector  in  silver  sandstone  district  of  Utah,  30. 

Barbee  &  Walker  mines.  Southern  Utah,  22.     Mill,  30,  31,  32. 

Barnes,  P.,  A  Comparison  of  Certain  Forms  of  Ports  for  Steel  Melting  Fwrnaees,  648. 

Barnum  iron  mine,  Lake  Superior,  visit  to,  3. 

Barrel  work,  684,  686. 

Basic  process :  Yields  softest  steel,  598.  Enables  us  to  make  steel  hardened  by  car- 
bon only,  571.  Mechanical  tests,  211.  Analyses,  598.  For  cold  climates, 
599. 

Battery.     See  Stamps. 

Beauxite,  analysis  of,  19. 

Belfast  iron  ore  as  a  flux  for  silicious  ores,  16.     Analysis,  19. 

Belknap  coal  bed,  Texas,  496.     Character  of  coal,  499,  501. 

Bell  n)etal  from  copper  smelting,  726. 

Boll  (charging)  a  cause  of  scafiblds  when  too  large,  65. 

Bending  test:  Four  ways  of  applying  bending  test,  358,  359.  Testing  a  bar  drawn 
out  from  a  rail  or  an  ingot,  210,  538,  546,  565.  Bending  test  of  rails,  54,  242, 
244,  246,  570.  Test  of  64  rails  by  slotting  piece  from  web  of  rail,  324,  325, 
357.     Dr.  Dudley's  test  too  slow,  598. 

Berlin-Hamburg  Railway,  specifications  for  rails,  243 

Berlin-Potsdam-Magdeburg  Railway,  specifications  for  rails,  246. 

Bessemer  converters,  a  new  bottom  for,  388. 

Bessemer  ores,  analyses  of  American  ores,  16. 

Bessemer  process:  Amount  of  manganese  required  to  remove  the  oxygen,  395. 
Chemical  investigation  of  the  change  in  the  metal  and  slag  during  a  blow,  258. 
Detail  of  charges  of  blastfurnaces  and  converter  at  the  Bethlehem  Iron  Works, 
266-268.  Improvements  in  machinery  and  manipulation,  296,  297,  299.  New 
bottom  for  converters,  388. 

Bessemer  steel :  Analyses  of,  547,  548.  For  stems  and  shoes  of  stamps,  25.  Pres- 
ence of  nitrogen  in,  548,  591.  Production  in  the  United  States,  296,  299. 
Rolling  of  eye-bars  on  Kloman's  mill,  298. 

Bessemer  steel  wire:  Analysis  of,  673.     Greater  force  required  to  draw  into  wire 
than  soft  iron,  672. 
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Bessemer  works  in  the  United  States  :  Standard  patterns  of  rails,  360,  374.  Capacity 
of,  580. 

Bethlehem  Iron  Company's  works :  Chemical  investigation  of  a  Bessemer  blow, 
258.     Details  of  charges  of  blast  furnaces  and  converter,  266,  267. 

Biddell  &  Wetherill,  Harrison  reduction  works,  Leadville,  Colorado,  prices  paid 
for  silver  ore,  257. 

Billets  made  in  Catalan  forge  from  Chateaugay  magnetite,  72. 

Billings,  analysis  of  Chateaugay  magnetite,  81. 

Billings,  Warren,  first  smelter  of  copper  slags  in  Pittsburgh,  681. 

BiRKiNBiNE,  John,  A  Short  Blast  at  the  Warwick  Furnace,  5,  51.  Discussion  of 
Gordon's  paper,  492.  The  increased  output  by  use  of  Whitwell  stoves  disputed, 
493.  Equal  du-rability  claimed  for  pipe  stoves,  493.  The  economy  claimed  for 
Whitwell  stoves  not  supported  by  iacts,  494.  Economical  working  of  the  Potts- 
town,  Warwick,  and  North  Lebanon  furnaces,  494. 

Bishop's  platinum  works,  visit  to,  283. 

Bismuth  ores,  list  of,  108. 

Bituminous  coal :  Analyses  of,  658-^62.  Condition  of  sulphur  in,  656.  Machinery 
for  washing,  294.     Production  in  the  United  States,  294. 

Blake  crusher,  427,  454,  695,  722. 

Blake,  F.  C,  Note  on  the  Etitbwttion  of  Copper  in  Speise,  288,  316. 

Blake,  W.  P.,  on  Texas  coals,  495. 

Blastfurnace  (see  also  Cupola):  Alice,  69.  Cedar  Point,  41,  66,  494.  Dunbar, 
64,  66.  Eliza,  Pottstown,  Scranton,  Soho,  494.  Edgar  Thomson,  G6,  70,  295. 
Etna,  68.  Lucy,  64.  Warwick,  51,  60,  65,  494.  Steelton,  65.  Paxton,  63. 
Vulcan,  67. 

Blast-furnace  gas  producer,  Taylor's,  309,  310. 

Blast-furnace  process:  American  coke  practice,  66,  483.  Comparisons  should  be 
made  by  cubic  capacity,  484.  Economical  working  of  several  furnaces,  494. 
Eflect  of  dust  in  causing  scaffolds,  65,  67,  68,  69.  Ferrie  system  tried  at  Iron- 
ton,  Ohio,  68,  Ideal  working,  482.  Normal  furnace  gas,  485.  Output  of 
Western  furnaces,  66,  295.  Scaffolds,  removal  of,  41-48,  60-71.  Silica  of  ash 
reduced  to  silicon,  492.  Short  blast  at  Warwick  furnace,  51,  60.  Sulphur  re- 
moved by  heavy  liming,  492.  Use  of  aluminous  flux  for  silicious  ores,  and  mill 
cinder,  13-20.  Use  of  Chateaugay  magnetite,  72-83.  Use  of  supei-heated 
blast,  fuel  economy,  482,  483,  487,  488,  489,  493,  494. 

Blast-furnace  cinder,  analysis  of,  55.     Proportion  of  silica  to  alumina,  17-21. 

Blast  furnace  for  smelting  silver-lead  ores  at  Pribram,  Bohemia,  457. 

Blooms  made  in  Catalan  forge. from  Chateaugay  magnetite,  72. 

Blows.     See  Shocks. 

Blowing  down,  a  remedy  for  scaffolds,  62,  63. 

Bluestone,  used  in  milling  in  Southern  Utah,  32. 

Bobtail  stamp  mill,  97. 

Body  required  in  flange  and  web  of  rail,  602. 

Bohemia,  ore  dressing  and  smelting  at  Pribram,  420. 

Bolt  holes,  square  and  oval,  199,  581. 

Booth  &  Garrett,  analyses  by,  39,  40. 

Bornite  in  Carroll  County,  Md.,  35. 

Boston  and  Colorado  smelting  works,  prices  paid  for  silver  ore,  257. 

Bottom  for  Bessemer  converters,  Manness's,  388.. 

Boyertown,  Pa.,  magnetic  ore,  analysis,  55. 

Brazos  Coal-field,  Texas  (Astiburner),  285,  495.     Early  reports  on  coal  in  Texas, 
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495.  Value  of  Texan  coals,  495.  Geographical  situation,  495.  Geological 
occurrence,  496.  Examinations  in  Stephens  and  Young  counties,  496.  The 
Belknap  and  Brazos  beds,  49G.  Section  in  the  vicinity  of  Crystal  Falls,  497, 
502.  Belknap  bed,  498-502.  Character  of  coal,  499,  501.  The  Brazos  bed, 
503-505.  Extent  of  the  Brazos  coal-field,  506.  Occurrence  of  lignites  in 
Texas,  506.     Resum^,  506. 

Brazos  River,  Texas,  496. 

Breaking  of  rails:  Due  to  straightening,  211.  Due  to  chemical  defects,  366. 
Breaking  of  a  rail  near  Cologne,  218. 

Breaking-rolls  for  coal,  467. 

Breaking  test,  209,  236,  246.     See  also  Tensile  strength. 

Bridge  steel,  380. 

Brigg's  mill.  Black  Hawk,  Colorado,  97. 

British  North  America,  Supplement  II.  to  a  Catalogue  of  official  geological  reports, 
621. 

Brock,  Horace,  manager  of  North  Lebnnon  Furnace,  494. 

Bromine  as  an  absorbent  of  sulphuretted  hydrogen  and  sulphur  dioxide,  659. 

Brooks,  T.  B.,  reports  and  maps  of  Lake  Superior  region,  9. 

Bubbles  in  steel,  a  cause  of  weakness,  568.     I'ersistence  of,  567, 

Buckeye  mine,  Southern  Utah,  27,  29. 

Buckeye  Reef,  22,  23,  24,  25,  29,  31. 

Bulkley  condenser,  298. 

Bullion  produced  in  silver-sandstone  district  of  Utah,  31,  33. 

Burnishing  and  Dudilizing Steel  (Reese),  285,  518.  A  burnishing  machine  for  pol- 
ishing steel,  whereby  the  ductility  of  the  steel  is  increased,  518-525.  Tests  of 
steel  treated  in  the  machine,  528.  A  new  principle  involved,  527,  529.  Ad- 
vantages over  the  process  of  annealing,  527,  528.  Process  particularly  adapted 
to  steel  shafting,  piston-rods,  and  light  work,  528.  Process  compared  with  cold 
rolling  of  iron,  528. 

Butte  Reef,  Utah,  22,  24.  - 

Cabral's  system  of  injecting  combustible  gases  into  the  blast  furnace,  71. 

Calcium  sulphate  in  coal,  662. 

California,  Supplement  II,  to  a  Catalogue  of  official  geological  reports,  621. 

California  revolving  stamps  in  use  at  Pribram,  Bohemia,  433,  436. 

California  stamp  mills,  duty  of,  85-89. 

Calumet  and  Ilecla  copper  mine,  Lake  Superior,  679,  684.  Visit  to,  5.  Leavitt's 
compound  pumping  and  hoisting  engine,  298.     Stamp  mill,    5, 

Cambria  Iron  AVorks,  production  of  Bessemer  steel,  29(). 

Camden  &  Amboy  Railroad  first  to  use  the  Ashbel  Welch  steel  rail,  532,  552. 

Campbell  Creek  (W.  Va.),  splint  coal,  69. 

Can  the  Magnetism  of  Iron  and  Steel  be  used  to  Determine  their  Physical  Properties 
(Metcalf),  284,  385.  Why  does  steel  harden,  385.  Parallelism  between  the 
action  of  magnetism  on  iron  and  steel  and  their  other  physical  properties,  385. 
Crystallization  on  chilling,  385,  "Scalded"  ingots,  386.  Polarized  ingots, 
386.  Increase  of  magnetism  and  elastic  limit,  386.  Carbon  contents,  386,  387. 
Paramagnetics  or  diamagnetics  in  steel,  387;  Magnetization  of  steel,  387.  Use 
of  magnetic  needle  to  detect  flaws  in  iron  or  steel,  388.  Magnetic  determination 
of  carbon,  388. 

Canada,  Supplement  II,  to  a  Catalogue  of  official  geological  reports,  622. 

Canada  Consolidated  Gold  Mining  Company,  Ontario,  the  gold-bearing  mispickel. 
veins  of  Marmora,  409,  410. 
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Capacity  and  cost  of  light  rails,  229. 

Capacity  of  American  iron  and  steel-rail  mills,  580,  581. 

Carbon:  Effect  of  carbon  on  wear  of  steel,  compared  with  phosphorus,  silicon  and 
manganese,  599,  60S.  Eflect  of  the  Bessemer  blow  on  the  carbon  in  pig  iron, 
259,  260,  234,  265.  Determined  by  magnetic  tests,  388.  Eggertz  color  test  for 
carbon,  594,595.  Gives  strength  with  hardness,  571.  In  basic  steel,  598.  In 
copper,  706.  In  rails,  Dudley's  formula,  35;5.  Carbon  in  steel  to  be  varied  by 
manufacturer  according  to  the  amounts  of  other  ingredients  present,  543.  0.90 
per  cent,  carbon  makes  steel  adapted  to  the  greatest  variety  of  uses,  386,  387. 

Carbonic  Acid  Gas  Process  at  the  Kehley  Ran  Colliery  Fire  (Chance),  288,  477.  Failure 
of  the  process,  477.  Previous  trials  of  the  process,  478.  Origin  of  the  fire, 
478.  Generation  and  delivery  of  the  gas,  478,  479.  Failure  to  make  the  mine 
air-tight  the  cause  of  failure,  479.  Conditions  of  success  of  the  process,  479. 
Advantages  of  the  process,  479. 

Carroll  County,  Md.,  copper  deposits,  33. 

Car  wheels,  limit  of  weight  on,  580. 

Casting  of  copper,  709-716. 

Cast  iron.     See  Pig  iron. 

Cast-iron  stoves.     See  Iron  pipe  stoves. 

(Catalan  forges  using  Chateaugay  magnetite,  72.    • 

Catalogue  of  official  geological  reports,  Supplement  II,  621. 

Catasauqua,  Pa.,  experience  with  scaffold,  64. 

Cause  of  Hastiness  and  of  some  of  the  Losses  in  Workinr/  Gold  (Egleston),  646.  Popular 
theory  concerning  '"  rusty  "  gold,  646.  Appearance  and  character  of  rusty  gold, 
647.  Action  of  mercury,  647.  Artificial  causes  of  rustiness  in  the  mill,  647. 
Action  of  mercury  on  alloys  of  gold.  647,  648.  Effect  of  hammering  on  amal- 
gamation, 648.  Effect  of  heating  and  cooling,  648.  Effect  of  sulphur,  phos- 
phorus, and  of  grease,  648,  649.  Effect  of  arsenic  and  antimony,  648,  649. 
Stamp  mill  not  a  rationally-designed  machine,  649.  Action  of  the  arrastre 
preferable,  650. 

Cedar  Point  Furnace,  Port  Henry,  N.  Y.,  relative  production,  49.  Eemoval  of 
scaflfblds  by  a  high  tuyere,  42;  and  by  dynamite,  46. 

Cement  Mill,  Inyo  County,  California,  90. 

Cerargyrite  in  sandstones  of  Southern  Utah,  26. 

Certificate  of  inspection,  form  of,  239. 

Chalcopyrite  in  Carroll  County,  Md.,  35. 

Champion  Iron  Mine,  Lake  Superior,  visit  to,  4. 

Chance,  II.  M.,  The  Carbonic  Acid  Gas  Process  at  the  Kehley  Run  Colliery  Fire,  288, 
477.     The  Construction  of  Geological  Cross-sections,  283,  402. 

('handler,  C.  F.,  analyses  of  Westchester  aluminous  iron  ores,  19;  of  Chateaugay 
magnetite,  81. 

Change  of  rules,  8,  268. 

Chanute,  O.,  discussion  of  steel  rails,  578.  Mr.  Sandberg  the  first  to  apply  scien- 
tific methods  to  the  designing  of  iron  rails,  578.  Unable  to  formulate  any  rela- 
tion between  height  and  weight  of  rail  and  weight  and  speed  of  engines,  578. 
Ties  can  be  placed  nearer  together  to  compensate  for  heavier  locomotives,  579. 
Limit  of  vveight  in  driving  wheels,  579,  580.  "  American,"  "  Mogul  "  and  "  Con- 
solidation "  engines,  579.  Experimental  determination  of  contact  surfaces  of 
driving-wheels  and  rails,  579,  580.  Pressures  on  rails  with  different  weights  on 
wheels,  580.  Wear  increases  with  increased  pressures,  580.  Length  of  rails, 
580.     Capacity  of  iron  and  steel-rail  mills  in  the  United  States,  580.     Notching 
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transferred  from  rails  to  angle  fish-plates,  581.  Bolt  holes  drilled  one  inch 
allow  sufficient  play  with  ^-inch  bolts,  581.  Strength  of  the  Erie  rail  and  of 
different  joints,  581.  Approval  of  Mr.  Sandberg's  blank  forms  for  inspection, 
581.  Days  of  iron  rails  numbered,  582.  Consumer  should  not  prescribe  to  the 
manufacturer  how  to  make  rails,  582.  Erie  specification  of  1876  calls  for  soft 
steel  rails,  583.  Soft  steel  a  misnomer,  583.  Exception  to  tbe  method  adopted 
to  ascertain  loss  of  weight  sustained  by  each  rail,  583.  Cominirisons  of  wear  on 
upper  and  lower  sides  of  curves,  584.  Origin  of  the  modern  rail  section,  585. 
Mr.  Welch's  pattern  of  1866,  585.  Successful  rollingof  the  Erie  rail  by  the  Penn- 
sylvania Steel  Works,  586.  Pennsylvania  section  of  67  lbs.  to  the  yard  pre- 
ferred to  the  Erie  section  of  63  Ik^.,  586.  Advantages  of  uniformity  in  railroad 
practice,  586,  587.     Description  of  the  Erie  standard  joint,  586,  587. 

Chanute  rail  head,  360,  364,  367,  585. 

Chapin  iron  mine,  Menominee  region,  visit  to,  10 

Chapman,  E.  J.,  assays  of  gold  ores  from  the  Marmora,  Canada,  mines,  411,  412. 

Charging  bell  too  large,  a  cause  of  scaffold,  65. 

Chase,  analysis  of  meteorological  tables,  609. 

Chateaugay  iron  ore,  fluxing  properties,  16,  72.     Analyses  of,  74,  81. 

Chauvenet  on  method  of  least  squares,  609. 

Chemical  analysis  (see  also  Analyses') :  Does  not  reveal  defects  of  manufacture,  605. 
Proper  use  in  steel-rail  manufacture,  217,  600.  Not  capable  of  solving 
the  problems  involved  in  rails,  566.     Required  in  English  specifications,  212. 

Chemical   composition:  Dudley's  formula,   356.     Its  relation  to  wearing  capacity, 

554,  608.     Of  no  value   to  the  engineer,  540.    Not  to  be  prescribed  for  rails, 

555.  Should  not  be  rigidly  prescribed,  543. 

Chemical  Reactions  in  the  Bessemer  Process,  the  Charge  containing  but  a  small  Percent- 
age of  Manganese  (King),  6,  258.  Previous  investigations,  258.  Taking  of 
samples  at  the  Bethlehem  Iron  Company's  works,  259.  Analyses  of  the  metal 
for  carbon,  silicon,  manganese,  and  phosphorus,  259-261.  Analyses  of  the  slags, 
261-264.  Conclusions,  264.  Appendix,  remarks  on  the  ingots  and  slags,  265. 
Charges  of  the  blast  furnaces,  266,  267.    Record  of  the  Bessemer  blow,  267,  268. 

Chemical  specifications  for  rails :  Dudley's,  356.  Erie  rails,  583.  Not  justified,  on 
account  of  manganese,  604. 

Chemicals  used  in  milling  in  Southern  Utah,  32. 

Chester  County,  Pa.,  graphite  deposits  of,  730. 

Chester,  Pa.,  Wheeler  process  of  rolling  steel  scrap,  297. 

Chicago  and  Northwestern  Railway,  trains  furnished  by,  3,  10. 

Chill,  confusion  in  use  of  term,  551. 

Chilling  of  cast  iron  and  steel— crystallization,  385,  386. 

Chloride  of  silver  in  sandstones  of  Southern  Utah,  26. 

Chlorider's  chief  mine,  Southern  Utah,  23. 

Chlorination  of  gold-bearing  mispickel,  419. 

Christy  mill,  in  Southern  Utah,  30,  31. 

Cinder  (see  also  Mill  cinder  and  Slag),  analyses  of  blast-furnace  cinder,  55. 

Cinder  pig  iron,  character  and  causes  of,  J 3-15.  ' 

Claiborne  shells,  exchange  of,  287. 

Clark,  Ellis,  Jr.,  Ore  Dressing  and  Smelting  at  Pribram,  Bohemia,  288,  420. 

Clearfield  County,  Pa.,  coal-washing  plant  at  the  Rochester  mine,  475. 

Cleveland  iron  mine.  Lake  Superior,  visit  to,  3. 

Cliff  copper  mine.  Lake  Superior,  680. 

Clinton  County,  N.  Y.,  Chateaugay  magnetite,  72. 
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Cloud,  J.  W.,  Shocks  on  Railway  Bridges,  284,  375.  Steel  for  Bridges,  284,  380 
Mechanical  treatment  of  Dr.  Dudley's  first  paper,  605.  Discussion  of  steel 
rails,  569.  Attention  has  mostly  been  directed  to  chemical  composition,  569. 
Bearing  of  physical  properties  on  wear,  570.  Dr.  Dudley  has  established  his 
main  point,  that  the  softer  steel  gives  the  better  wear,  570.  Physical  tests  give 
the  most  conclusive  and  satisfactory  results,  570.  A  bending  test  of  a  whole 
rail-section  under  steady  pressure  recommended,  570.  Consumers  should  not 
dictate  to  manufacturers  how  they  are  to  obtain  the  desired  softness,  570.  Soft 
tires  give  the  best  wear,  570,  571. 

<Joal  (see  also  Anthracite,  Bituminous  coal)  :  Analyses,  250,  251,  657-662,  654,  655. 
Classification,  119.  From  Gunnison  County,  Colorado,  250,  251.  From  Mc- 
Allister, Indian  Territory,  496.  From  Texas,  495.  Improvement  in  mining 
and  handling,  294.  Occurrence  of  lustrous  coal  with  native  silver,  650.  Pro- 
duction in  the  United  States,  294,  299.  Sulphur  in  coal  and  its  relation  to 
coking,  656.     Utilization  of  culm,  294. 

Coal  dust  (see  also  Culm)  a  source  of  scaffolds  in  blast  furnaces,  65,  68,  69. 

Coal-fields:  New  method  of  mapping,  506.     Brazos  coal-field,  Texas,  495. 

Coal  tonnage  of  a  basin,  how  determined,  518. 

Coal  Washing  (Stutz),  261,  284.  Improvement  in  the  quality  of  coal  and  coke  by 
washing  the  coal,  461,  462.  Specific  gravities  of  coal,  slate,  and  pyrites,  462. 
Washing  slack  coal  for  use  without  coking,  462.  Crushing  apparatus  with  one 
pair  of  rolls,  463 ;  with  two  pair  of  rolls,  466  ;  with  three  pair  of  rolls,  467. 
Separating  or  washing  machines,  468.  Limiting  velocity  of  fall  in  water 
(Kittinger),  469,  470.  Speed  of  current  of  water,  470.  Classification  of  wash- 
ing machines,  471.  Examples  of  washing  machines,  472,  473.  'General  arrange- 
ment of  coal-washing  machinery  at  Rochester  Mine,  Clearfield  County,  Pa.,  at 
El  Moro,  Colorado,  and  at  the  works  of  the  Penn  Gas  Coal  Company,  West- 
moreland County,  Pa.,  474-476. 

Coal-washing  plant,  474-477. 

Cobalt  ores,  list  of,  120. 

Coke:  Analyses  of,  658,  662.  Effect  of  coking  on  the  elimination  of  sulphur,  656. 
Coking  of  washed  coal,  461.     Coking  coal  with  fine  iron  ore,  275. 

Coke  blast  furnaces,  large  output  in  the  West,  66. 

Cold,  effect  of  cold  on  strength  of  rails,  214,  215,  217.  Rails  for  cold  climates,  593, 
599. 

Cold-rolled  iron,  tensile  strength  of,  528. 

Collieries,  fires  in,  477,  478. 

Colorado  :  Copper  ores  containing  tellurium,  729.  Southwest  mining  region,  650. 
Stamp  mills,  85-99.     Whopper  Lode,  Gunnison  County,  249. 

Colorado  Coal  and  Iron  Company's  plant  for  washing  coal,  468,  475. 

Color  test  for  carbon,  594,  595. 

Columbia  College,  New  York,  the  summer  school  of  practical  mining,  664,  6QQ. 

Combustion  of  coals  in  oxygen  to  determine  sulphur,  658,  660. 

Common  salt:  Use  of,  in  wire  drawing,  299.     Regelation  of,  302,  303. 

Compurison  of  Certain  Forms  of  Ports  for  Steel-melting  Furnaces  (Barnes),  6,  48.  Port 
designed  by  Pernot,  48.  By  A.  L.  Holley,  48.  By  Richmond  and  Potts  for 
Pernot  furnace,  48.  By  Krupp,.of  Essen,  48.  By  Richmond  and  Potts  for 
furnace  with  fixed  bottom,  48.  By  S.  T.  Wellman,  49.  Office  of  these  ports, 
49.     Comparative  criticism  of  the  different  forms,  49-51. 

Composition.     (See  Analyses.) 

Concentration  of  ores  in  the  assay  spitzlutte,  318.     (See  Ore  dressing.) 
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Condition  of  Sulphur  in  Coal  and  its  delation  to  Coking  (Drown),  288, 656.  Methods 
of  determining  sulphnr  in  coal,  650,  657.  Examination  of  hitnminous  coals 
from  Pennsylvania  and  Virginia,  657-()02.  On  the  absorption  of  sulphur  diox- 
ide, and  sulphuretted  hydrogen  by  bromine  and  potassium  permanganate,  659, 
660.     On  the  combustion  of  coals  in  oxygen,  660.     Testing  for  calcium  sulphate, 

662.  Condition  of  sulphur  in  coal,  603.     Influence  of  coking  on  the  sulphur, 

663.  Mineral  and  organic  sulphur  in  coal,  657,  663. 

Consumer  should  not  prescribe  the  chemical  composition  of  steel  to  the  manufac- 
turer, 540,  570,  582.  Necessity  of  consumer  and  manufacturer  working  together, 
592. 

Contact  surface  of  wheels  and  rails,  327. 

Contour  lines  in  underground  mapping,  510,  51 L 

Contraction  of  area  in  tensile  tests,  insisted  upon  in  German  tests,  213,  214,  242, 
246,  605. 

Contract  for  rails,  form  of,  543.    See  also  Specifications. 

Converter  bottom,  Manness's,  388. 

Cook,  E.  S.,  manager  of  Warwick  Furnace,  52,  55,  57,  61,  494, 

Copper :  Analyses  of  commercial  copper,  726-730.  Effect  on  steel,  544,  547,  567, 
568,  589,  594.  Of  more  importance  to  the  producer  than  to  the  consumer. of 
steel,  589,  594.  Estimation  ia  speise,  316.  Occurrence  in  silver  sandstones  of 
Southern  Utah,  27,  28,  and  Ural  Mountains,  33. 

Copper  Deposits  of  Carroll  County,  Md.  (Fjrazer),  5,33.  Location,  33.  Character 
of  ore,  34.  Openings  showing  copper,  34,  35.  Evidences  of  continuous  deposit, 
36.  Probable  geological  occurrence,  36,  37.  Analyses  of  the  ore,  38.  Estimate 
of  amount  of  ore,  38.     Details  of  explorations  and  shipments  of  ore,  39,  40. 

Copper  Falls  mine,  Lake  Superior,  681. 

Copper  ingot  moulds,  711-716. 

Copper  ores  :  Of  Arizona,  723.     Of  Carroll   County,   Md.,  33.     Of  Colorado,  729. 
Of  Lake  Superior,  678,  728,  729.     Of  Ore  Knob,  699,  729.     List  of,  122. 

Copper  matte,  726. 

Copper  Refining  in  the  United  States  (Egleston),  6,  678.  Only  three  works  refining 
native  copper,  the  two  of  the  Detroit  and  Lake  Superior  Copper  Company,  and 
C.  G.  Hussey  &  Co.,  Pittsburgh,  Pa.,  678,  Other  works  which  smelt  copper 
ores,  678.  Diflftculties  experienced  with  melting  Lake  Superior  mass  copper, 
679-681.  Furnaces  with  movable  roof,  680,  681.  Siemens  furnace,  681.  Smelt- 
ing of  slags  in  Pittsburgh,  681,  682.  Description  of  the  works  at  Hancock, 
sources  of  supply,  freightage,  etc,  682-685.  Works  of  C.  G.  Hussey  &  Co., 
Pittsburgh,  685.  Mass,  barrel-work  mineral,  slime,  685.  No  assays  made,  686. 
Details  of  furnaces,  688-691.  Making  and  repairing  the  hearth,  691-693. 
Analysis  of  old  furnace  bottom,  692.  Charging  the  furnace,  693-695.  Anal- 
yses of  Pittsburgh  slags,  695.  Fuel  on  Lake  Superior,  695.  Charging  th^ 
Pittsburgh  furnaces,  695.  Repairing  the  furnace,  696.  The  casting  bed,  697. 
Analyses  of  slags,  698-700.  Operation  of  refining,  poling,  taking  of  tests,  701 
-709.  Oxygen  in  bath,  703,  705,  706.  Use  of  lead  in  refining,  704.  Casting 
into  cakes  or  ingots,  709,  714.  Ligot  moulds,  714,  715.  Color  of  ingots,  715, 
716.  Weight  of  ingots,  716.  Packing,  716.  Cost  of  smelting,  717,  718. 
Treatment  of  the  slags  in  cupolas  at  Hancock  and  Detroit,  718-724.  Descrip- 
tion of  the  cupola,  719.  The  cupola  house,  720.  Treatment  of  the  slags  in 
Pittsburgh,  724-726.  Composition  of  the  slags,  725.  Description  of  the  cu- 
pola, 725.  Purity  of  Lake  copper,  726,  727.  Analyses  of  copper  at  diflerent 
stages  of  refining,  727,  728.     Arizona  copper,  analyses,  728,  729.     Tellurium  in 
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copper  from  Colorado  ores,  729.     Analyses  of  copper  from  Western  sulphurous 

ores,  729.     Ore  Knob  copper,  analysis,  729,  730.     Tensile  strength  of  Lake 

copper,  730. 
Copper  region  of  Lake  Superior,  678.     Elxcursions  in,  4,  5. 
Copper  slags,  smelting  of,  681,  718-727.     Analyses  of,  695,  698,  699,  700,  725. 
Copper  stamp  mills,  Lake  Superior,  90-94. 
Copper  works :  At  Hancock  and   Detroit,  Michigan,  4,  678,  682.     At  Pittsburgh, 

678,680,  681.     See  Copper  refining. 
Copperas  liquors,  effect  on  sewage,  270,  273. 
Cornell  iron  mine,  Menominee  region,  visit  to,  10. 
Cornish  rolls  for  crushing  ore,  427. 
Cornwall,  Pa.,  iron  ore,  404.     Analyses  of,  55. 
Cost  of  copper  refining  on  Lake  Superior,  717,  718. 
Cost  of  mining  and  milling  the  silver  sandstones  in  Southern  Utah,  32. 
Cost  of  mining  and  milling  the  gold-bearing  mispickel  of  Marmora,  Canada,  419. 
Cost,  relative,  of  a  Whitwell  plant,  488. 
Cost  of  rails,  light  railways,  229.     Cost  increased  by  multiplicity  of  patterns,  361, 

372,  373. 
Cost  of  Taylor's  ore-roasting  furnaces,  308. 
Cottonwood  or  Marshall  Pass,  Colorado,  258. 
Couch,  Thomas,  assays  of  gold  ores  from  Marmora,  Canada,  415. 
Council  of  the  Institute,  annual  report  of,  286. 

Counterweight  on  driving-wheels  of  locomotives,  effect  of,  at  high  speeds,  375-379. 
Covington,  manufacture  of  foundry  pig  iron  from  mill  cinder,  13. 
Coxe,  E.  B. :  Approval   of  summer  school   of  practical  mining,   664.     School    for 

miners  and  mechanics,  at  Drifton,  Pa.,  390.    Use  of  underground  contours,  511. 
Creeping  of  rails,  200,  581. 

Crop  ends  for  testing,  209,  358,  597.    Objections  to,  538. 
Cross-sections,  construction  of  geological, 402. 

Crucible  steel :  Analyses  of,  548.     Chemistry  and  physics  always  agree,  547. 
Crushing  rolls  for  coal,  463-468  ;  for  ore,  427,  453. 
Crystal  Falls,  Texas,  coal  at,  497. 

Crystalline  salts  in  wire-drawing,  299.     Regelation  of,  302,  303. 
Crystallization  of  iron  and  steel  on  chilling,  385,  386. 
Culm,  utilization  of,  294. 

Cumberland,  England,  smelting  of  rich  hematites  with  Belfast  aluminous  ore,  19. 
Cupola  furnaces  for  smelting  copper  slags,  718,  724.     See  Copper  refining. 
Cupola  gas-producer,  Taylor's,  309. 

Cuprite,  occurrence  in  the  silver  sandstones  of  Southern  Utah,  27. 
Curves,  effect  on  wear  of  rails,  342,  343, 351,  353.   Loss  by  wear  dependent  on  degree 

of  elevation  of  upper  rail,  584. 
Cyclops  iron  mine,  Menominee  region,  visit  to,  10. 

Dahne,  F.  W.,  assays  of  gold  ores  from  Marmora,  Canada,  412. 

Dannemora  (Sweden)  ore  compared  with  Chateaugay  magnetite,  74. 

Daniels,  F.  H.,  Gas  Producers  using  Blast,  284,  310. 

Dead-load  test,  208,  209,  242,  244,  246. 

Decazeville,  France,  Cabral's  system  in  use  at,  71. 

Decrepitation  of  coal  a  source  of  scaffolds  in  blast  furnaces,  65,  68,  69. 

Deepest  shaft  in  the  world,  424. 

Deflection  under  blows  and  pressure,  210,  212,  242,  244,  246,  325. 
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Delaware  and  Hudson  Canal  Company,  utilization  of  culm,  294. 

De  Morgan,  on  method  of  least  squares,  608,  GOD. 

Denver  and  Kio  (rrande  Railroad,  projiosed  branch  from  Alamosa  to  Crested  Butte 
and  Gtninison  River,  258. 

Desilverization  of  lead  by  Pattinson's  process  at  Pribram,  Bohemia,  458. 

Determination.     See  Analyses,  Estimation. 

Detroit  and  Lake  Superior  Copper  Company's  Works,  4,  G78.     See  Copper  refining. 

Detrusion  in  shearing  tests,  325, 

Dexter  mine,  Ouray  County,  Colorado,  651. 

Dickerson  magnetic  ore  mine,  near  Dover,  N.  J.,  session  of  the  summer  school  of 
practical  mining,  666. 

Die  or  draw  plate  used  in  wire-drawing,  pressure  on,  301  ;  temperature  of,  301, 
312. 

Die  steel,  analyses  of,  549. 

Direct  Process  for  Treatlnrj  Fine  Iron  Ores  (EusTis),  6,  274.  A  mixture  of  fine  ore 
and  coking  coal  is  coked,  and  subsequently  melted  down  in  a  cupola,  and  run 
into  an  open-hearth  furnace,  274. 

Dombrowa,  Poland,  Cabral's  system,  in  use  at,  70. 

Douglas,  James,  Jr.,  assays  of  gold  ores  from  Marmora,  Canada,  412. 

Dover,  N.  J.,  session  of  summer  school  of  practical  mining,  iWA). 

Downington,  Pa.,  visit  to,  282. 

Drawing  wire,  use  of  crystalline  salts  in,  299,  673. 

Draw-plate:  Pressure  on,  301.     Temperature  of,  301,  302.     Composition  of,  549. 

Dressing  and  preparation  of  graphite  in  Chester  County,  Pa.,  731,  732. 

Dressing  and  smelting  silver-lead  ore  at  Pribram,  Bohemia,  420. 

Dressing  the  gold-bearing  mispickel  ore,  at  Marmora,  Canada,  417. 

Drifton,  Pa. :  Industrial  school  at,  39 1 .  Session  of  the  summer  school  of  practical 
mining,  666. 

Drilling  rails,  198. 

Driving  wheels,  limit  of  weight  on,  579,  580. 

Drop  test :  Sandberg's,  208,  210,  236,  596.  Severity  of  test  dependent  on  climate, 
•214,215.  English  test,  212.  German  test,  241.  PZxtreme  tests,  248.  Moresevere 
for  steel  than  iron,  248.  Crude,  358.  Used  as  a  bending  test,  358.  Most 
effective  in  keeping  out  silicon  and  phosphorus,  596.  Secures  soft  steel, 
597.  Gives  greatest  safety,  605.  Recommended  by  Sellers,  542,  and  Jones, 
546. 

Drown,  T.  M.,  The  Condition  of  Sulphur  in  Coal  and  its  Relation  to  Coking,  288,  656. 
Analyses  of  Westchester  aluminous  ores,  19.  On  the  regelation  of  crystalline 
salts,  303. 

Ductility  in  relation  to  ultimate  strength  a  measure  of  the  quality  of  steel,  541. 

Ductilizing  steel,  Reese's  process,  518,  526. 

Dudley,  C.  B.  :  Wearing  Capacity  of  Steel  Bails  in  Relation  to  their  Chemical  Com- 
position and  Physical  Properties,  283,  321. 

Discussion,  588.  Fair  criticism  to  be  desired,  588.  Not  enough  attention  devoted 
to  the  subject  of  the  slower  wear  of  rails,  ')^S.  Chemical  determinations,  588, 
589.  No  errors  in  the  conclusions  could  have  arisen  from  previous  bias,  589. 
What  influence  has  sulphur  or  copper  on  the  wear  of  stfel  ?  589.  Possible  in- 
fluence of  oxide  of  iron,  590.  Influence  of  wheel-tonnage,  590.  Stress  laid  on 
the  exceptional  rails,  590.  Conclusions  refuted  which  were  not  advanced,  590- 
No  proof  that  nitrogen  is  present  or  has  any  eflect  on  steel,  591.  Flow  of  metal 
in  rails  not  productive  of  loss  by  wear,  591.    This  investigation  not  exhaustive, 


746  INDEX. 

but  has  given  us  the  best  information  on  the  subject  at  the  present  time,  592. 
Effort  has  been  made  to  tell  the  steel-makers  what  steel  is  wanted,  not  how  to 
mak^  it,  592.  Different  kinds  of  service  call  for  different  qualities  of  steel,  592. 
Identity  of  interests  of  consumer  and  manufacturer,  592.  At  a  later  day  would 
reply  more  fully  to  his  critics,  608. 

Dudley's  conclusions  supported  by  his  results,  539,  570 ;  not  supported,  554,  et 
seq.,  572,  et  seq. 

Dudley's  formula,  356.  One  good  formula  to  work  by,  563.  First  formula  preferredf 
536,  564.  Formula  fallacious,  558.  Unpracticable,  563,  593.  Gives  unsound 
ingots  and  wasters,  216,  537,  539, 546.  Existing  in  a  broken  rail,  218.  Too  low 
in  manganese,  537,  565,  599.     Will  not  make  a  particularly  soft  rail,  583. 

Dudley's  physical  tests,  356,  357.     Criticised,  538,  546,  593,  599. 

Dudley's  specifications  for  rails,  356-359. 

Duffin  chiim,  Southern  Utah,  23,  31. 

Dunbar  furnace  :  Experience  with  scaffold,  64.     Large  amount  of  blast  used,  66. 

Durability  of  steel,  247.     See  also  Wearing  capacity. 

Dust  and  fine  materials  in  blast  furnaces  a  cause  of  scaffolds,  65,  67,  68,  69. 

Dust  chambers  of  blast  furnaces  at  Pribram,  Bohemia,  457,  458. 

Dj'namite,  used  to  remove  scaffold  in  the  blast  furnace,  45,  46,  63,  67. 

Edgar  Thomson's  Company's  Works:  "A"  furnace,  70.  "B"  furnace,  66,  295. 
Experiments  on  the  removal  of  oxygen  from  Bessemer  iron  by  manganese,  396. 
Production  of  Bessemer  steel,  296. 

Edison's  experiments  on  the  removal  of  contained  air  in  platinum,  297. 

Effect  of  Sewage  on  Iron  (Thompson),  4,  268.  The  water  of  Mill  Brook  in  the  city 
of  Worcester,  Mass.,  used  for  steam  and  n)anufacturing  purposes,  268;  walled 
in  by  the  city  for  a  sewer,  268.  Pollution  of  the  water  by  sewage  and  by  waste 
waters  from  factories  and  gas-works,  269.  Enormous  growth  of  aquatic  plants, 
269.  Effect  of  the  action  of  ammonia  from  the  sewer  on  the  copperas  liquors, 
269,  270.  Relative  proportion  of  water  and  sewage  in  Mill  Kiver,  270.  Suit 
of  W.  Merryfield  against  the  city  of  Worcester,  for  damage  to  condensers,  270. 
Action  of  the  water  on  the  iron  experimentally  determined,  271.  Water  from 
drive-wells,  analyses,  272.  Action  of  this  water  on  iron,  272,  273.  Action  of 
common  salt  on  iron,  273,  274.     Blackening  of  the  sewage  water  by  iron,  273. 

Eggertz  color  test  for  carbon,  594,  595. 

Egleston,  T.,  The  Formation  of  Gold  Nuggets  and  Placer  Deposits,  284,  63^.  The 
Cause  of  Bustiness  and  some  of  the  Losses  in  Working  Gold,  646.  Copper  Refining 
in  the  United  States,  6,  678. 

Discussion  of  steel  rails,  566.  Reliabili  ty  of  chemists,  566.  Investigation  too  much 
in  the  line  of  chemistry,  566.  Effect  of  blows,  567.  Fatigue,  a  result  of  blows 
and  pressure  of  gag,  567.  Flow  of  metals,  567.  Effect  of  copper,  567.  Bubbles 
persistent  in  steel,  567.  Fatigue  in  course  of  manufacture,  568.  Steel  should 
be  analyzed  for  sulphur,  copper,  titanium,  and  vanadium,  568.  Occluded  gases 
accompany  fatigue,  568.  Effect  of  rolling  in  one  direction,  569.  Registering 
punch,  569.  Professor  Langley's  investigation  on  abjasive  resistance,  569. 
Vague  use  of  terms  hardness  and  softness,  5()9.  Capacity  of  resistance  to  pene- 
tration or  fracture,  not  the  same  as  capacity  of  resistance  to  abrasion  or 
crushing,  569. 

Elastic  limit  in  iron  and  steel :  Determination  of,  381.  Increased  by  repeated  strains, 
387.  Decreased  by  Reese's  burnishing  process,  526.  important  in  bridge  con- 
struction, 381,  384. 
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Election  of  members  and  asf^ociates,  7,  8,  279,  280,  281/282. 

Election  of  officers,  282,  285. 

Eliza  furnace,  Pittsburgh,  economy  of  working,  494. 

Ellengowan  mining  basin,  mapping  of,  515,  516  . 

Ei  Moro,  Colorado,  coal-washing  machinery,  468,  475. 

Elongation  of  steel  nnder  strain,  German  tests,  21,  50,  189.  Iron  and  steel  bridge- 
rods,  381.     Keese's  burnishing  process,  526. 

Emily  Jane  claim.  Southern  Utah,  24. 

Empire  Smelting  Company,  Gunnison  County,  Colorado,  256. 

Employment  agency  of  the  Institute,  286. 

Engineering  and  Mining  .Journal  on  the  summer  school  of  practical  mining,  064. 

Engines,  weight  and  speed,  545,  579,  580. 

English  specifications  for  rails,  212. 

Erie  rail  and  joints,  229,  579,  581,  586,  587. 

Erie  specifications  of  1876,  583. 

Erie  standard  joint,  details  of,  586,  587. 

Escanaba,  Michigan,  visit  to,  9. 

Eschka's  method  of  determining  sulphur  in  coal,  657,  660. 

Estimation  of  Copper  in  Speise  (Elake),  288,  316. 

Estimation  of  Manganese  in  Spiegels,  Irons  and  Steels  (Ford),  283,  397.  Separation 
by  nitric  acid  and  chlorate  of  potash,  and  determination  as  manganese  pyro- 
phosphate, 397. 

Etna  iron  works,  Ironton,  Ohio  :  A  dust  scafibld,  68,  69,  Ferrie  self-coking  system 
tried,  68,  69,  70. 

EuSTis,  W.  E,  C,  Note  on  a  Direct  Process  for  Treating  Fine  Iron  Ores,  6,  274. 

Exchange  of  collections,  287. 

Explosives  :  Classification  of,  131.  Use  in  blast  furnace  to  remove  obstructions,  45 
-48,  63,  67. 

Factor  of  safety  necessarily  high  in  steel  for  bridges,  380. 

Fall,  weight,  and  speed  of  stamps,  84-89. 

Falling  test.     See  Drop  test. 

Fastenings.     See  Rail  fastenings. 

Fatigue  of  steel,  568.     Determination  of,  542. 

Ferrie  self-coking  system  tried  at  Ironton,  Ohio,  68,  69,  70. 

Financial  report  of  secretary  and  treasurer,  287. 

Fine  iron  ores,  a  direct  process  for  treating,  274. 

Firebrick,  Mt.  Savage,  692. 

Firebrick  stoves,  Whitwell's,  64-69,  480-494.     Comparison  with  iron-pipe  stoves. 

483,  486,  488,  489,  493,  494. 
Fire  in  the  Kehley  Run  colliery,  failure  of  the  carbonic  acid  process,  477. 
Fisheries  in  Sweden,  afTected  by  the  products  of  condensation  of  the  gas  producers, 

312. 
Fishing.     See  Fish  plates. 
Fishing  angle,  369,  533. 
Fish  plates :  Strength  of  joint,  197      Angle  fish  plates,  369, 370,  372.     Form  invented 

by  W.  B.  Adams,  370.    Notch  in  fish  plate  instead  of  rail,  234,581.    Angle  fish 

plate  on  Erie  Railroad,  581,  587.     Angle  fish  plates  seventy  per  cent,  stronger 

than  flat  plates,  581,  587. 
Flange  of  rail,  proportions,  367,  368. 
Flange  wear,  342,  343,  344,  353,  366,  584. 
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Florida,  Supplement  11  to  a  Catalogue  of  official  geological  reports,  622. 

Flourtown,  Pa.,  hematite  iron  ore,  analysis  of,  55. 

Flow  of  crystallized  salts  under  pressure,  301,  302. 

Flow  of  metals,  672. 

Flow  of  steel,  effect  on  wear  of  rails,  549,  591. 

Flux  for  RoUing-mill  Cinder  and  Silicious  Iron  Ores  in  the  Blast  Furnace  (Kimball), 
6,13.  Utilization  of  mill  cinder  formerly  wasted,  14.  Produces  a  good  mill 
iron,  14.  Prejudice  against  cinder  pig,  14.  Can  be  utilized  in  the  basic  pro- 
cess, 14.  Analysis  of  mill  cinders,  14.  Best  results  obtained  when  mixed 
with  aluminous  mixtures,  14,  15.  Cinder  pig  generally  high  in  phosphorus 
and  silicon,  15.  Relations  of  phosphorus  and  silicon  to  mill  and  foundry  iron, 
15.  General  practice  to  use  large  amount  of  limestone  in  the  blast  furnace, 
or  red  short,  or  argillaceous  ores,  16.  In  Great  Britain  aluminous  admixture 
considered  indispensable,  16.  Use  of  Belfast  and  Chateaugay  ores,  16.  Anal- 
yses of  American  Bessemer  ores,  16.  Alumina  promotes  the  fusibility  of  basic 
slags,  17.  American  practice  of  using  excessive  lime,  17.  The  fluxing  ingre- 
dients of  ores,  17.     Aluminous  flux  needed  for  the  silicious  Lake  Superior  ores, 

18.  Westchester  aluminous  magnetite  as  a  blast-furnace  flux,  18.     Analyses, 

19.  Belfast  ore  used  in  Lancashire  and  Cumberland,  Engiand,  19.  Non- 
silicated  aluminous  ores  adapted  to  silicious  ores,  mill  cinders,  magnesian  and 
sulphurous  ores,  19,  20.  Composition  of  mixtures  of  silicious  ore  and  West- 
chester magnetite,  21. 

Fluxing  Gos  Producer  for  making  Heating  Gas  (Taylor),  288,  309. 

Ford,  S.  A.,  The  Amount  of  Manganese  Required  to  Remove  the  Oxygen  from  the  Iron, 
after  it  has  been  Blown  in  the  Bessemer  Converter,  283,  395.  Method  for  the  Estima- 
tion of  Manganese  in  Spiegels,  Irons,  and  Steels,  283,  397. 

Forge.     See  Catalan  Forge. 

Formation  of  Gold  Nuggets  and.  Placer  Deposits  (Eglfston),  284,  633,  Observations 
on  the  distribution  of  gold  in  placer  deposits,  633.  The  solubility  of  gold,  633. 
Objections  to  the  theory  generally  held  of  the  origin  of  placer  deposits,  633- 
635.  Presence  of  gold  in  sea  water,  635.  Theory  of  Mr.  Selwyn,  636.  Gold 
from  veins  occurs  in  rounded  fragments  and  water  worn,  and  is  less  pure  than 
that  found  in  placers,  636.  Nuggets  found  in  situ,  637.  Bottom  de})Osits  of  placers 
the  richest,  637.  Growing  of  gold,  637,  638.  Experiments  on  the  solubility  of 
gold  in  various  solutions  and  at  varying  pressures,  638-640.  Experiments  on 
the  precipitation  of  gold,  640,  641.  Attempt  to  dissolve  gold  in  solutions  of 
salt  and  nitrate  of  soda,  641.  Effect  of  organic  life  on  solution  of  gold,  642. 
Precipitation  of  gold  in  a  Plattner's  vat  by  organic  matter  in  the  water,  643. 
Solution  of  silica  with  the  gold,  643.  Decay  of  rocks  and  solution  and  precipi- 
tation of  gold,  644.  Effect  of  iodine  in  sea  water,  644.  Precipitation  of  silica 
with  the  gold,  645.  Reduction  of  sulphates  to  sulphides  by  same  agencies  as 
precipitate  the  gold,  645.  Effect  of  drainage  waters,  646.  Cause  of  mammillary 
forms  of  nuggets,  646. 

Forms  for  recording  the  inspection  of  rails,  206,  235-239. 

Formula.     See  Dudley's  formula. 

Fort  Belknap,  Texas,  coal  at,  496,  et  seq. 

Fort  Pitt  foundry,  Pittsburgh,  melting  mass  copper, '680. 

Fracture  of  rails,  210. 

Franklin  copper  mine.  Lake  Superior,  visit  to,  4. 

Franklin  Institute,  Philadelphia,  sessions  held  in  hall  of,  279. 

Frazer,  p..  The   Whopper  Lode  of  Gunnison  County,  Colorado,  5,  249.     Analyses  of 
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Coals  from.  Gunnison,  Colorado,  2ol,  288.  Some  Copper  Deposits  of  Carroll  Couvty, 
Md.,  5,  23.  Rdalions  of  the  Graphite  of  Chester  County,  Pa  ,  to  the  Geoloyy  of  the 
Bocks  containin//  them,  6,  780.     Reception  at  the  Venn  Cliil),  Philadelpliia,  282. 

Friction  in  wire-drawing,  reduction  by  use  of  crystalline  salts,  301,  072. 

Fuel  economy.     See  Blast-furnace  process. 

Funding  of  life  membersliips,  287. 

Furnace.  See  F)last  furnace,  Copper  refining,  Cupola,  Gas  furnaces,  (3pen  heartii, 
Siemens  furnace,  etc. 

Gad  shaft,  Southern  Utah,  27. 

Gsetzschmann,  formula  for  crushing  rolls,  464,  465. 

Gags  in  straightening  rails,  211. 

Gas  furnaces,  ports  for,  48. 

Gas  producer,  Taylor's,  309. 

Gas  Producers  using  Blast  (Daniels),  284,  310.  Conditions  existing  in  Sweden 
with  regard  to  fuel,  311.  The  use  of  all  kinds  of  combustible  materials  in 
Sweden,  311.  The  general  use  of  blast  in  gas  producers,  311.  Condensation 
of  the  steam,  311,  312.  Producers  using  sawdust,  312.  Producers  using  short 
wood,  313.  Producers  using  long  wood,  314.  Producers  using  peat  with  wood  or 
coal,  314.  Producers  constructed  by  the  Washburn  &  Moen  Manufacturing 
Company,  in  Worcester,  Mass.,  315. 

Gaseous  fuel,  2b4.     Necessary  in  roasting  iron  ores,  304. 

Gatling  Company's  gold  ores,  412-416, 

Generator  (see  also  Gas  producer)  for  carbonic  acid  gas,  478. 

Genth,  F.  A.,  analyses  of  Chateaugay  magnetite,  81. 

Geology:  Of  copper  deposits  in  Carroll  County,  Md.,  34,  36,  37.  Of  graphite  de- 
posits in  Chester  County,  Pa.,  730-733.  Of  the  silver  sandstone  district  of 
Utah,  21-29,  33. 

Geological  cross-sections,  construction  of,  402. 

Geological  formations,  classifications  of,  137-141. 

Geological  mining  maps,  510,  511. 

Geological  Surveys  of  United  States,  Territories,  and  British  North  America,  Cata- 
logue, Supplement  II,  621. 

Georgia :  Supplement  II  to  a  Catalogue  of  official  geological  reports,  628.  The 
auriferous  slate  deposits  worked  by  hydraulic  process,  400.     Water-power,  401. 

German  government,  exchange  of  collections,  287. 

German  specifications  for  rails,  213,  241-247,  605. 

Giant  powder  used  to  remove  obstructions  in  a  blast  furnace,  46,  47. 

Gibfried  claim.  Southern  Utah,  23,  31. 

Gilpin  County,  Colorado,  stamp  mills,  89,  94. 

Gisborn  claim,  Southern  Utah,  30. 

Glossary  of  Mining  and  Metallurgical  Terms  (Raymond),  99. 

Gold  :  Origin  of  nuggets  and  placer  deposits,  633-646.  Cause  of  rustiness,  646- 
650.  Cause  of  losses  in  working,  646-650.  Solubility  of  gold  and  its  com- 
pounds, 633,  635,  638,  639,  640,  641,  645.  Effect  of  organic  matter  on  precipi- 
tation, 633,  635,  638,  640,  641,  642,  643.  Less  pure  in  veins  than  in  placers, 
636.  Decomposition  of  gold  veins  in  situ,  637.  Growing  of  gold,  637,  638. 
Precipitation  in  a  Plattner's  vat,  643.  In  sea  water,  635,  644.  Origin  of  gold 
in  pyrites,  645.  Absence  in  potable  waters,  645,  Precipitation  with  silica, 
643,  645,  646.  EflTect  of  hammering  on  amalgamation,  648.  Effect  of  anti- 
mony, arsenic,  sulphur,  and  grease  on  amalgaiuation,  648,  649,  650.     Veins  of 
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gold,  result  of  destruction,  084,  636,  637.  In  talcose  states  in  the  Southern 
States,  profitably  extracted  by  the  hydraulic  process,  400,  401.  Production  in 
the  United  States,  297,  299. 

Gold-bearing  Mispickel  Veins  of  Marmora,  Ontario,  Canada  (Kothwell),  288,  409. 
Locality  and  geological  occurrence,  409,  410.  Character  of  veins,  410.  At- 
tempts to  treat  the  ore  for  gold  by  raw  amalgamation,  410.  The  Canada  Con- 
solidated Gold  Mining  Company,  410.  Proving  the  veins,  411.  Estimate 
of  amount  of  ore,  411.  Tests  to  determine  average  gold  contents,  411-413. 
Tests  on  a  large  scale,  413-415.  Exhaustive  tests  by  the  author,  415,  416. 
Metallurgical  treatment  of  these  ores  by  roasting  and  amalgamation,  417-419. 
Treatment  by  Mears  chlorination  process,  419.  Cost  of  mining  and  milling, 
419,  420. 

Gold  crystals  found  in  a  mercury  tank,  285. 

Gold  ores  :  Assay  value  of,  103.  Comparison  of  stamp  mill  and  arrastre,  649,  650. 
The  mispickel  veins  of  Marmora,  Canada,  409. 

Gordon",  F.  W.,  The  Whifivell  Firebrick  Hot-blast  Stove  and  its  Recent  Improvement?, 
285,  480. 

Gothic  City,  Colorado,  249,  250,  256,  257,  258. 

Grades,  effect  on  wear  of  rails,  602,  605. 

Grapewine  Wash,  Southern  Utah,  23,  24. 

Graphite  :  Effect  of  the  Bessemer  process  on  the  graphite  in  pig  iron,  260,  264,  265. 
In  Chester  County,  Pa.,  mining  and  preparation,  731,  732. 

Gray  copper  in  Carroll  County,  Md.,  35. 

Guarantee  in  rail  specifications,  203,  204,  245,  247.  Guarantee  by  a  manufacturer 
not  consistent  with  a  prescribed  chemical  composition,  539,  544,  555. 

Gumps,  with  percussion  tables,  440. 

Gunnison  County,  Colorado,  the  Wiiopper  lode,  249.  Coal  from,  250,  251.  Gunni- 
son City,  250. 

Hague's  Mining  Industry,  data  from,  88. 

Hale,  A.  W.,  Memoranda  on  the  Analysis  of  Statistics,  288,  608. 

Hammering  gold  prevents  amalgamation,  648. 

Hammering  steel  preferable  to  rolling  for  ingots  low  in  manganese,  537,  565. 

Hancock,  Lake  Superior,  works  of  the  Detroit  and  Lake  Superior  Copper  Company, 
678,  682.     Visit  to,  4.     See  Copper  refining. 

Hand,  N.  H.  &  Co.,  hydraulic  mining  in  Georgia,  400. 

Hanging  Rock  district,  Ohio:  Etna  Iron  Works,  68,  69,  70.    Use  of  mill  cinder,  13. 

Hardener,  objection  to  term,  550. 

Hardening  of  iron  and  steel,  385,  386. 

Hardness  in  relation  to  wearing  capacity,  210,  247,  248,  340,  343,  345,  349,  356,  529, 
549,  550,  573-578,  596,  597.     Vague  use  of  the  term  hardness,  569. 

Hard  rails  give  the  slower  wear,  248,  529,  550,  573,  575,  576,  578. 

Hard  rails  give  the  faster  wear,  247,  341-356,  570. 

Harmon,  E.  W.,  Assays  of  gold  ores  from  Marmora,  Canada,  414. 

Harrisburg,  Southern  Utah,  23,  24. 

Hart,  W.  R.,  Discussion  of  steel  rails,  552.  History  of  the  designing  and  manu- 
facture of  the  Ashbel  Welch  rail  section,  552. 

Harz  jigger  for  coal  washing,  471. 

Head  of  rail,  width,  contour,  and  angle,  367,  369,  585.     Chanute  head,  360,  367,  585. 

Heating  gas  :  Taylor's  producer,  309.     Gas  producers  using  blast,  310. 

Height  of  rail  in  relation  to  weight  and  speed  of  engines,  518. 
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Hernaman,  J.,  Assays  of  gold  ores  from  Marmora,  Canada,  43. 

IIeinrich,  Oswald  J.,  The  Industrial  School  for  Minns  and  Mechanics  at  Driflon, 
Luzerne  County,  Pa..  285,  390. 

High  explosives  in  the  blast  furnace,  45-48,  63,  (57. 

History  and  totinage  of  64  rails  examined  by  Dr.  Dudley,  332-338. 

History  of  the  discovery  and  development  of  the  silver  sandstone  district  of  IJtali, 
30,  31. 

Hitchcock,  Professor  C  H.,  on  the  extent  of  the  Western  bituminous  coal* basin, 
496. 

Hocking  Valley,  Ohio,  use  of  mill  cinder  in  blast  furnaces,  13. 

HoLLEY,  A.  H.,  0)1  Rail  Patterns,  283,  360. 

Holley's  rail  sections  compared  with  Sandberg's,  187. 

Holley's  ports  for  Pernot  furnace,  48. 

Homeward-bound  claim.  Southern  Utah,  23. 

Hoopes  &  Townsend,  Philadelphia,  experiments  on  the  flow  of  metals,  672. 

Horn  silver  in  sandstones  of  Southern  Utah,  26. 

Hot  blast.     See  Superheated  blast. 

Hot-blast  stoves,  comparison  of  Whitwell's  and  iron-pipe  stoves,  483,  486,  488,  489, 
493,  494. 

Hot-straightening  of  rails,  212,  240,  535. 

Houghton,  Michigan :  Session  of  summer  school  of  practical  mining,  iMU).  Sul- 
'     scri{)tion  dinner  at,  4. 

Howe,  A.  H.,  Analysis  of  Chateangay  magnetite,  81. 

Howe,  H.  M.,  Two  New  Processes  for  the  Extraction  of  Nickel  from,  its  Ores,  6. 

Howe,  T.  M.,  680. 

Hudson  kiln  for  roasting  iron  ores,  305. 

Humboldt  Manufacturing  Company  in  Kalk,  iron  percussion-tables,  442. 

Hunt,  R.  W.  :  Discussion  of  steel  rails,  534.  Kails  with  high  manganese  give  good 
results,  535.  Samples  for  testing  should  have  the  same  history,  535.  Objection 
to  averages,  535.  Example  of  high  silicon  in  a  good  rail,  536.  0.33  iniinganese 
too  low  for  steel  having  0.10  phosphorus,  537.  Hanmiering  better  than  rolling 
for  unsound  steel,  537.     Defective  rails  at  Troy  Works  reduced  to  one  pej-  cent., 

537.  Effect  of  section  on  wear,  538.    Soft  rails  can  be  made  with  high  manganese, 

538.  Present  Troy  practice,  533.  Bending  test,  538.  Objection  to  using  rail- 
ends,  538.  Exhibition  of  two  pieces  of  rails  bent  cold,  with  analyses,  539. 
Coujposition  of  rails  should  be  left  to  the  makers  if  they  give  guarantee,  539. 

Hussey,  0.  G.  &  Co.,  copper  works  in  Pittsburgh,  678,     See  Copper  refining. 
Hydraulic  mining  in  Georgia,  400. 
Hydrocarbons,  use  of,  in  the  blast  furnace,  70,  71. 

Illinois,  Su{)plement  II  to  a  Catalogue  of  official  geological  reports,  622. 

Index  lode,  Gunnison  County,  Colorado,  255. 

Indian  Territory:  Coking  coal  in,  294.     Coal  at  McAllister,  496. 

Indiana,  Supplement  II  to  a  Catalogue  of  official  geological  reports,  ()22. 

Industrial  School  for  Miners  and  Mechanics  at  Driflon,  Luzerne  County,  Pa.  (Hein- 
rich),  235,  390.  Mr.  E.  B.  Coxe's  scheme  for  secondary  education,  390,  391. 
Starting  the  school  in  May,  1879,  391.  Attendance,  interest  of  pupils,  etc., 
391.  Preparatory  class,  392.  Junior  class,  392.  Senior  class,  393.  Scheme  for 
instruction  in  mining,  393.  Expert  class,  393.  Description  of  school  rooms 
and  collections,  393.  Nationalities  represented,  394.  Effect  of  the  schools, 
395.     General  recommendations,  395. 
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Ingot  moulds  for  copper,  711-716. 

Ingots  of  steel,  importance  of  soundness  of  ingots,  248,  567,  605. 

Inspection  of  rails  :  Dudley's,  356-359.  German,  242,  246.  In  Europe,  203.  Sand- 
berg's,  206,  215,  220,  222,  228,  508,  600.  Results  of,  211.  Forms  for  inspection, 
235-239. 

Inspector  of  rails,  qualifications  for,  203,  204.     Inspector's  certificate,  239. 

Iowa,  Supplement  II  to  a  Catalogue  of  official  geological  reports,  622. 

Iron  (see  also  Wrought  iron.  Pig  iron.  Steel,  Blast  furnace,  etc.) :  Action  of  salt  on, 
301.  Action  of  sewage  on,  268.  Action  of  iron  in  solution  on  sewage,  273. 
Classification,  147.  Compared  with  steel  for  construction  of  bridges,  380. 
Magnetism  of  iron  an  index  of  its  physical  properties,  385. 

Iron  ores:  American  Bessemer  ores,  analyses,  16.  Belfast  ore,  16,  19.  Direct  pro- 
cess for  treating  fine  iron  ores,  274.  Chateaugay  magnetite,  72-83.  Lake  Supe- 
rior iron  ores,  production,  295,  299,  List  of,  148.  Separated  from  zinc  blende 
by  magnetic  separator,  451.  Westchester,  N.  Y.,  aluminous  ore,  analyses,  18, 
19.     Used  at  Warwick  furnace,  55.    Used  at  Bethlehem  Iron  Works,  266,  267. 

Iron  percussion-tables,  442,  443. 

Iron-pipe  stoves  compared  with  firebrick  stoves,  483,  486,  488,  489,  493,  494. 

Iron  rails  compared  with  steel  rails,  201,  202,  217,  247,  348,  366,  531,  582,  597. 

Iron  rail  mills  in  the  United  States,  capacity  of,  580. 

Iron  regions  of  Lake  Superior,  3,  4.     Production  of,  295,  299. 

Iron  region  of  Lake  Michigan  (Menominee),  9,  10. 

Iron  sponge,  Enstis's  process,  274. 

Iron  wire.     See  Wire-drawing. 

Ironton,  Ohio,  the  Etna  iron  works,  68-70. 

Ishpeming,  Michigan,  visit  to,  3. 

Jackson  iron  mine.  Lake  Superior,  visit  to,  3. 

Janney,  M.  P.,  manager  of  Pottstown  Iron  Company's  furnaces,  294. 

.Jigs  at  the  Pribram,  Bohemia,  ore-dressing  works,  429-432,  437,  439,  446,  448-450. 

Jigs  for  coal  washing,  471-474. 

Jig  with  glass  sides  lor  lecture  experiments,  320. 

John  Brown  &  Co.,  Sheffield,  manufacturers  of  the  Ashbel  Welch  steel  rail,  532, 
553. 

Johns,  William  and  Henry,  engaged  to  build  copper  furnaces  in  Pittsburgh,  680. 

Joint.     See  Rail  joints. 

Joliet  steel  works,  production  of  Bessemer  steel,  296. 

Jones,  W.  R.  :  Discussion  of  steel  rails,  544.  Omission  of  sulphur  and  copper  in 
analyses,  544.  Are  the  analyses  correct?  544.  Variation  in  detemiinationsby 
different  chemists,  544.  Wheel-tonnage  not  considered,  545.  Increase  in  weight 
of  rolling  stock  in  late  years,  545.  Drop  test  recommended,  afeo  bending  of  test 
bar,  546.  Dudley's  first  formula  preferred,  546.  Doubts  as  to  the  soundness  of 
rails  made  on  Dudley's  formula,  546. 

Jump-off  Joe  claim,  Southern  Utah,  31. 

Keel  Riclge  iron  mine,  Menominee  region,  visit  to,  10. 

Keener,  Dr.,  of  Baltimore,  Md.,  builds  copper  furnaces,  681. 

Kehley  Run  Colliery  fire,  failure  of  carbonic-acid  gas  process,  477. 

Kent,  William  :  Discussion  of  steel  rails,  544.  Dr.  Dudley's  conclusions  not  justi- 
fied by  his  results,  554.  No  relation  traceable  between  the  wearing  capacity, 
and  the  chemical  composition  or  the  physical  properties,  554.     Other  causes  to  be 
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sought  for,  554.  Knowledge  of  chemical  composition  too  incomplete  to  justify 
chemical  specifications,  555.  Dr.  Dudley's  formula  would  be  a  source  of  annoy- 
ance and  loss  to  the  manufacturer,  555.  Dr.  Dudley's  specifications  if  rigidly 
applied  would  cause  the  rejection  of  nearly  all  of  his  64  rails,  55G.  Compari- 
son of  Dr.  Dudley's  results  leading  to  different  conclusions,  557,  558.  Corre- 
spondence of  phosphorus  units  and  bending  weight,  560.  Comparisons  based  on 
the  elimination  of  manganese  in  specifications,  561.  Specification  impracti- 
cable, 563. 

Kessler's  examination  of  the  Bessemer  process,  260. 

Keweenaw  copper  mines,  682,  694.  Session  of  summer  school  of  practical  mining, 
QQ6. 

Kilns  for  roasting  iron  ores,  304. 

Kimball,  J.  P.,  A  Flux  for  RolUng-Mill  Cinder  and  Silicious  Iron  Ores  in  the  Blast 
Furnace,  6,  13.  The  Self-flvxing  Properties  of  Chateaugay  Magnetite  from  Clinton 
County,  N.  Y.,  and  its  Treatment  in  the  Blast  Furnace,  6,  258. 

King,  C.  F.,  The  Chemical  Reactions  in  the  Bessemer  Process,  the  Charge  containing 
but  a  small  Percentage  of  Manganese,  6,  258. 

Kinner  mine.  Southern  Utah,  29,  31. 

Kloman's  eye-bar  universal  mill,  298. 

KcENiG,  G.  A.,  A  New  Silver  Bismuthite,  285. 

KcENiG,  G.  A.  and  Stockder,  Moritz,  On  the  Occvrrence  of  Lustrous  Coal  mith  Na- 
tive Silver  in  a  Vein  of  Porphyry  in  Ouray  County,  Colorado,  285,  650. 

Koller  ore  crushing  mill,  453. 

Krupp,  form  of  port  for  gas  furnace,  48. 

Krupp's  process  of  washing  pig  iron  in  Springfield,  111.,  297. 

Lackawanna  Coal  and  Iron  Company,  production  of  Bessemer  steel,  296. 

Lake  copper  (see  Copper  refining),  726-730. 

Lake  Superior  copper  region:  Session  of  summer  school  of  practical  mining,  666. 

Visit  to  mines  and  works,  4,  5.     Smelting  works,  678,  682. 
Lake  Superior  iron  region :  Session  of   summer  school  of  practical  mining,  666. 

Visit  to  mines,  3,  4. 
Lake  Superior  iron  ores:  Production,  295.     Require  an  aluminous  flux,  18. 
Lake  Superior  meeting:  Proceedings  of,  1.     Papers  of,  11. 
Lake  Superior  stamp  mills,  duty  of,  90-99. 

Lancashire,  Eng.,  smelting  of  rich  red  hematites  with  BelfavSt  ore,  19. 
Lancaster  County,  Pa.,  hematite  ore,  analysis  of,  55, 
Langdon's  modification  of  ore-roasting  furnace,  306. 
Langley,  Prof.,  investigations  on  wear,  569. 

L'Anse,  Lake  Superior:  Transportation  on  ice  to,  684.     Visit  to,  4. 
Last  Chance  mine,  Southern  Utah,  29. 
Laveyssiere  system  of  Pattinsonizing,  458. 
Lead :  Work-lead  made  at  Pribram,  Bohemja,  458,  459.     Used  in  refining  copper, 

704,  705.     In  Lake  copper,  728. 
Lead  ores,  list  of,  151. 
Leadville,  Colorado  :  Map  showing  distance  from  Gunnison,  250.     Prices  paid  for 

silver  ores,  257. 
Least  squares,  method  applicable  to  the  analysis  of  statistics,  89,  607,  608. 
Leavitt  compound  piunping  and  hoisting  engine,  298. 
Leeds  mill  in  Southern  Utah,  30,  31. 
Length  of  rails,  197,  580. 
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Liberty  copper  mine,  Maryland,  33,  36,  37,  39. 

Life  memberships,  funding  of,  287. 

Life  of  rails,  217,  248,  597.     Under  different  conditions  of  service,  352-355. 

Lignites,  tertiary,  in  Texas,  506. 

Lime,  often  used  in  the  blast  furnace  where  alumina  is  needed,  17.  Excessive  use 
of  lime,  17,  20. 

Limestone:  Impregnated  with  copper  and  zinc  in  Carroll  County,  Maryland,  34,  35. 
Used  at  Pittsford  furnace,  analysis,  73. 

Little  Purgatory  Basin,  Soutiiern  Utah,  23. 

Locomotives  produce  a  series  of  quick  blows  on  the  rails,  376-379. 

Los  Pinos  Agency,  Southwest  Colorado,  6-30. 

Loss  of  metal  by  wear,  226.  Dudley's  method  of  determining,  327-331.  Excep- 
tion taken  to  Dudley's  method,  583,  584. 

Losses  in  working  gold,  646. 

Low  steel.     See  Soft  steels. 

Lucy  furnace.  Pittsburgh,  experience  with  scaffolds,  64. 

Lunar  claim,  Southern  Utah,  23. 

Lustrous  coal  with  native  silver,  650. 

McAllister,  Indian  Territory,  coal  at,  496. 

McComber  iron  mine.  Lake  Superior,  visit  to,  3. 

McCormick,  Henry,  experience  with  a  scaffold,  63. 

McMullin's  claim,  Southern  Utah,  24. 

McNaliy's  lead.  Southern  Utah,  22. 

^lacfarlane,  Thomas,  assays  of  gold  ores  from  Marmora,  Canada,  416. 

Machinery,  improved,  for  mining  and  metallurgical  use,  298. 

Mackenzie  furnace  for  smelting  copper  slags,  681,  683,  719. 

Mackintosh,  Hemphill  &  Co.,  Pittsburgh,  manufacture  of  steel  castings,  297. 

Mackinaw,  visit  to,  9. 

MacVeagh,  Wayne,  address  of  welcome,  278. 

Magnesian  iron  ores,  advantageously  smelted  with  aluminous  ores,  20. 

Magnetic  needle:  Used  to  detect  Haws  in  iron  and  steel,  388.  To  determine  carbon, 
388. 

Magnetic  ore-separating  machine,  451. 

Magnetism  of  iron  and  steel  an  index  of  physical  properties,  385,  388. 

Magnetic  iron  ore:  Chateaugay,  Clinton  Count}^,  New  York,  72-83.  Westchester 
aluminous  magnetite,  18-21. 

Mahanoy-Siienandoah  coal  basin,  map  of,  509-517. 

Main  on  the  effect  of  velocity  of  impact  on  the  duty  of  stamps,  84,  85. 

Malachite:  In  Carroll  County,  Maryland,  34,  35.  In  the  silver  sandstones  of 
Southern  Utah,  27,  28. 

Malvern,  Pennsylvania,  visit  to  Bishop's  platinum  works,  282,  283. 

Mammoth  coal  bed,  mapping  of  the  Mahanoy-Shenandoah  district,  512-517. 

Manganese:  In  Dudley's  formula,  356.  Too  low  in  Dudley's  formula,  599.  Effect 
on  steel,  604,  605.  Formula  for  determining  the  proi)er  amount  in  rail  steel, 
564.  Low  manganese  tends  to  make  unsound  ingots  and  rails,  537,  566.  Man- 
ganese required  to  make  steel  roll  well,  538.  In  basic  steel,  598.  Rails  with 
one  per  cent,  of  manganese  giving  good  results,  535.  A  cause  of  stiffness  in 
steel,  384.  Amount  required  to  remove  oxygen  in  Bessemer  iron,  395.  Elimi- 
nation in  the  Besisemer  process,  260.     Method  of  estimating,  397. 

Manganese  ores  :  List  of,  154.     In  Carroll  County,  Maryland,  35. 
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Manness,  Charles  F.,  A  new  Bottom  for  Beasemer  Converters,  288,  388. 

Manufacture  of  steel  rails  :  Cost  of  rolls  and  expense  of  changina;,  361.  Advantage 
of  having  standard  rails  for  stock,  302,304.  Mode  of  manufacture,  2(Jl,  220, 
227,  247. 

Manufacturers  of  rails:  Should  not  be  limited  to  a  definite  chemical  composition 
for  steel  rails,  540,  570,  582.  Cannot  give  guarantee  if  compelled  to  conform 
to  a  chemical  specification,  539.  Necessity  of  manufacturer  and  consuirier 
working  together,  592.  Sulphur  and  copper  of  more  importance  to  the  manu- 
facturer than  to  the  consumer,  589,  594. 

Mapping  the  anthracite  coal  fields  of  Pennsylvania,  506.  See  New  method  of 
mapping. 

Maps.     See  Mining  maps. 

Marble  percussion  table,  443. 

Marking  of  rails,  201,  219,  221. 

Marmora,  Ontario,  Canada,  the  gold-bearing  mispickel  veins  of,  409. 

Marquette  County,  Michigan  :  Session  of  the  summer  school  of  practical  mining,  665. 
Visit  to,  3,  5. 

Marseilles  modification  of  the  Pattinson  process,  458. 

Marshall  or  Cottonwoo<l  Pass,  Colorado,  258. 

Maryland:  Copper  deposits  in  Carroll  County,  33.  Supplement  II  to  a  Catalogue 
of  official  geological  reports,  622. 

Massachusetts  Institute  of  Technology,  mining  laboratory,  318. 

Mass  copper  of  Lake  Superior,  mining  and  melting,  079,  et  seq. 

Mathematical  discussion  of  Dr.  Dudley's  paper,  by  Kaymond,  605. 

Mathematical  treatment  of  statistics,  609. 

Matte,  see  Copper  matte. 

Maynard,  G.  W.  :  Discussion  of  Rolker's  paper  on  the  silver  sandstones  of  Utah. 
Analysis  of  Cliateaugay  magnetite,  81. 

Mears  chlorination  process,  419. 

Mechanics  school  at  Drifton,  Pennsylvania,  275. 

Mell,  p.  H.,  Jr.,  Auriferous  Slate  Deposits  rf  the  Southern  Mining  Region,  288,399. 
Ill  North  Girolina,  C)runiuin  unmistakubly  occurs  in  Igutous  Bocks,  288.  Con- 
tribution of  Claiborne  shells,  287. 

Membership  of  the  Institute,  280. 

Memoranda  on  the  Analysis  of  Statistics  (Hale),  288,  008. 

Menelaus  on  the  relative  endurance  of  iron  and  steel  rails,  597. 

Menominee  iron  region,  visit  to,  9,  10. 

Mercury,  see  Quicksilver  and  Amalgamation. 

Mercury  ores,  list  of,  155. 

Merriman  on  the  method  of  least  squares,  009. 

Merryfield  against  the  city  of  Worcester,  Massachusetts,  for  damage  to  condensers  by 
sewage,  270. 

Metacom  stamp  mill,  Austin,  Nevada,  95. 

Metallurgy,  advance  of,  since  1875,  243. 

Metallurgical  terms,  a  glossary  of,  99. 

Metcalf,  William,  Can  the  Magnetism  of  Iron  and  Steel  be  v$ed  to  Determine  their 
Physical  Properties,  284,  384.  Discussion  of  steel  rails,  547.  Omission  of  sul- 
phur, copper,  and  nitrogen  in  analyses,  547.  Chemistry  and  physics  of  crucible 
steel  agree,  547.  Reliability  of  chemists' work,  547.  Necessary  to  have  com- 
plete analysis  of  Bessemer  steel  and  history  of  manufacture,  547.  Analyses  of 
Bessemer  and  crucible  steel  compared,  548.     Nitrogen  believed  to  be  present  in 
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Bessemer  steel,  548.  Soft  rails  the  best  if  hardness  is  obtained  by  phosphorus, 
silicon,  and  manganese  in  presence  of  carbon,  549.  Analyses  of  die-steel,  with 
high  carbon,  549.  Best  composition  for  steel  rolls,  549.  Disregard  of  flow  in 
Dudley's  paper,  549.  Dr.  Dudley's  conclusions  not  justified  by  his  results,  550. 
Objection  to  term  *'  hardeners,"  550.  Carbon,  the  hardener,  550.  Confusion  of 
terms  in  iron  and  steel  making — chill,  temper,  551.     Definition  of  steel,  551. 

Method  of  least  squares  applied  to  the  analysis  of  statistics,  89,  607,  608. 

MetJiod  of  restoring  scafFokled  furnaces,  62. 

Michael  claim,  Southern  Utah,  23. 

Michigammi  iron  mine,  visit  to,  4. 

Michigan  :  Lake  Superior  iron  and  copper  regions,  visit  to,  3-20.  Copper  refin- 
ing at  Hancock,  678.  Supplement  II  to  a  Catalogue  of  ofliicia]  geological  re- 
ports, 626. 

Midvale  Steel  Works,  Philadelphia,  visit  to,  282. 

Mill  Brook,  Worcester,  Massachusetts,  used  as  a  sewer,  268. 

Mill  cinder:  Analysis  of,  55.  Utilization  of,  13.  Character  of  mill  and  foundry  iron 
produced  by,  13.    Prejudice  against  its  use  in  the  blast  furnace,  14. 

Mill  River,  Massachusetts:  Drainage  area,  270.  Drive-wells  in  the  valley  of,  271. 
Analysis  of  water  of  drive-wells,  272.    Action  on  iron,  272,  273. 

Milling  of  silver  ores  in  Southern  Utah,  30-32. 

Milling  rates  at  Salt  Lake  and  Pioche,  30,  31. 

Mills  (see  also  Stamp  mills)  in  silver  sandstone  district  of  Utah,  30-32. 

Mine  fires,  the  use  of  carbonic  acid  gas,  477-479. 

Mine  surveys  of  the  anthracite  region  of  Pennsylvania,  507. 

Mineral  Range  Railroad,  684.     Train  furnished  by,  5. 

Mineral  (Lake  Superior  copper),  683-686. 

Miner's  inch,  definition,  157. 

Miners'  school  at  Drifton,  Pennsylvania,  391. 

Mineville,  New  York,  session  of  summer  school  of  practical  mining,  666. 

Mining :  A  summer  school  of  practical  mining,  664.     Advance  since  1875,  293. 

Mining  coal,  improvement  in,  294. 

Mining  graphite  in  Chester  County,  Pennsylvania,  731. 

Mining  laboratory  of  the  Massachusetts  Institute  of  Technology,  318. 

Mining  maps,  a  new  system  of  mapping,  506,  510,  511. 

Mining  terms,  a  glossary  of,  99. 

Minnesota:  Supplement  II  to  a  Catalogue  of  official  geological  reports,  627. 

Mispickel,  gold-bearing  veins  of  Marmora,  Canada,  409. 

Mixter  on  the  determination  of  sulphur,  659. 

Modulus  of  elasticity  in  iron  and  steel,  importance  of  determinations  in  bridge  con- 
struction, 381,  384. 

Monaky  powder,  use  of,  in  the  blast  furnace,  46. 

Morgan,  C.  H.,  On  the  use  of  Salt  Coatiny  in  the  Manufacture  of  Iron  and  Steel  Wire, 
283,  672. 

MuNROE,  H.  S.,  A  Siimrmr  School  of  Practical  Mining,  288,  664.  On  the  Weight, 
Fall,  and  Speed  of  Stamj^s,  6,  84,  609. 

Musconetcong  Iron  Company's  mines  near  Dover,  New  Jersey,  session  of  the  sum- 
mer school  of  practical  mining,  QGO. 

Mount  Savage  firebrick,  692. 

Naylor  &  Co. :  Experiments  with  Chateaugay  magnetite,  72.  Take  order  for  the  first 
Ashbel  Welch  steel  rails,  532,  552. 
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Negannee,  Michigan,  visit  to  iron  mines,  3.  • 

New  BottSm  for  Bessemer  Converters  (Manness),  288,  388. 

New  Discoveiy  mine,  Onray  County,  Colorado,  651. 

New  Jersey  :  Session  of  the  summer  school  of  practical  mining  at  Dover,  606.  Sup- 
plement II  to  a  Catalogue  of  crfficial  geological  reports,  627. 

New  Method  of  Mapping  the  Anthracite  Coal  Fields  of  Pennsylvania  (Ashbiirner), 
283,  500.  Methods  previously  employed,  507.  The  collection  and  classifying 
of  private  information  already  existing,  508.  Opinions  on  the  merits  of  the  new 
system  of  mapping,  509,  510.  Description  of  the  method,  surface  features,  509. 
Underground  features,  510.  Underground  structure  originated  by  Professor 
Lesley  and  practiced  by  B.  S.  Lyman,  510,  and  E.  B.  Coxe,  511.  Map  of  mam- 
moth bed  in  the  vicinity  of  Shenandoah  and  Mahanoy  City,  plan  of  construc- 
tion, 511,  512.  Information  contained  in  a  geological  mining  map  constructed 
on  this  system,  513-516.  Application  of  this  method  to  determine  the  abso- 
lute areas  of  the  coal  beds,  516,  517.     Determination  of  tlie  coal  tonnage,  518. 

New  Mexico,  coking  coal  in,. 294. 

New  York  Central  Railroad  rail,  583. 

New  York  :  Chateaugay  magnetite  in  Clinton  County,  72.  Westchester  aluminous 
iron  ore,  18.     Supplement  II  to  a  Catalogue  of  official  geological  reports,  627. 

New  York  iron  mine.  Lake  Superior,  visit  to,  3. 

Nickel  ores,  list  of,  150. 

Nickel  and  cobalt  in  Lake  copper,  728. 

Nitrogen,  effect  on  steel,  548,  591.  , 

North  Carolina :  Supplement  II  to  a  Catalogue  of  official  geological  reports,  628. 
Water  power,  401. 

North  Chicago  Rolling  Mill  Company,  production  of  Bessemer  steel,  296. 

North  Lebanon  furnace,  Pennsylvania,  economical  working,  494. 

Northern  Queen,  excursions  on,  3,  9. 

Norton  or  Plattsburgh  Furnace,  smelting  Chateaugay  magnetite,  77-79,  82. 

Notching  rails,  200,  227,  231-234. 

Notching  angle  fish  plates,  329. 

Notes  on  two  Scaffolds  at  the  Cedar  Point  Furnace  (Witherbe^e),  6,  41.  Burden  of 
furnace,  41.  Irregularity  of  working,  41,  42.  Previous  failure  of  kerosene, 
42.  Insertion  of  tuyere  above  the  mantel,  42.  Refilling  the  furnace,  44.  Bur- 
den increased  by  mistake,  44.  A  second  scaffold,  45.  Blowing  out  the  cinder 
arches  by  dynamite,  45,  46.  Blasting  under  a  salamander  by  giant  powder,  46. 
Manner  of  making  the  cartridge,  46.  Favorable  result,  47.  Previous  use  of 
giant  powder,  47. 

Norway  iron  mine  (Menominee  region),  visit  to,  10. 

Nuggets  of  gold,  origin  of,  633-646. 

Occluded  gases:  In  Bessemer  steel,  297.    In  platinum,  297.   In  fatigued  metals.  568. 

Occurrence  of  Lustrous  Coal  with  Native  Silver  in  a  Vein  in  Porphyry  in  Ouray  County, 
Colorado  (Kcenig  and  Stockder),  288,  650.  Locality  and  geological  occur- 
rence, 650.  Mineralogical  associations,  653.  Physical  and  chemical  proper- 
ties of  the  coal,  654,  655.     Conclusions,  655. 

Officers  of  the  Institute,  election  of,  285. 

Oil  bath  for  rails  for  protection  against  sea  water,  213. 

Ontario,  Canada,  the  gold-bearing  mispickel  veins  of  Marmora,  409. 

Open  hearth  furnace.    See  Gas  furnace. 

Ontonagon  copper  region,  684. 
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Ore  Dresnng  and  Smelting  at  Pribram,  Bohemia  (Clark),  288,  420.  Location,  420. 
Geological  occurrence  of  the  ore,  420,  421.  Character  of  veins,  422.  Influ- 
ence of  crossing-  of  veins,  423.  History  of  the  mines,  423.  Number  of  hands 
employed,  424.  Enumeration  of  the  buildings  for  dressing  the  ore,  424,  425. 
The  Anna  ore  dressing  house,  426.  Sorting  the  ore,  426,  427.  Ore  crusher, 
427.  Cornish  rolls,  427.  Revolving  screen,  428.  Pounding  sieve,  429,  430. 
Jigging  machines,  429,  430,  431.  Middle  jigging  machine,  431.  Stamps,  433- 
437.  Spitzkasten,  437.  Spitzlutte,  437.  Percussion  tables,  439,  440-445. 
Jigging  machines,  439.     Adalbert  ore  dressing  house,  445.     Sorting  the  ore, 

446.  Crushing  rolls,  446.     Jigging  machines,  446,  447.     Washing  trommel, 

447.  Stauch  jigging  machine,  448,  449.  Adalbert  slime  concentrating  house, 
450.  Magnetic  separating  machine,  451.  Tlie  smelting  works,  453.  Stamps, 
453.  Roller  crushing  mills,  453.  Weighing  house,  454.  Mixing  house,  455. 
Eoasting  furnaces,  455.  Charging  house,  456.  Blast  furnaces,  457.  Dust 
chambers,  456,  457.  Pattinson's  process  for  desilverization  of  the  lead,  458- 
460.     Acknowledgments  and  sources  of  information,  460. 

Ore  crusher  at  Pribram,  427.    See  Blake  crusher. 

Ore  Knob  copper  and  copper  slag,  699,  700,  729,  730. 

Ore-ro'isting  Furnace  (Taylor),  288,  304.  Experiments  in  roasting  iron  ores  to 
drive  off  sulphur,  304.  Facts  developed  by  these  experiments,  304,  305.  The 
Hudson  kiln,  305.  The  Westman  kiln,  305.  Modification  of  the  Westman 
kiln,  306.  Langdon's  modification— the  perfected  kiln,  306,  307,  308.  Cost  of 
construction,  308.  Working  of  the  kiln,  308,  309.  Extent  of  desulphuriza- 
tion,  309.     Wear  and  tear,  309. 

Ore  rolls.    See  Ore  crusher. 

Ores.    See  under  the  different  metals. 

Organic  remains :  In  silver  sandstones  of  Southern  Utah,  27-29.  In  Ural  Moun- 
tains, 33. 

Organic  sulphur  in  coal  and  coke,  657,  663. 

Osceola  mine  and  mill,  Lake  Superior,  684.    Visit  to,  4. 

Ouray  County,  Colorado,  description  of  mining  region,  650. 

Output  of  Western  iron  furnaces,  66. 

Over-poled  copper,  706. 

Over-refined  copper,  708. 

Oxide^f  iron,  effect  on  steel,  554,  589. 

Oxide  of  copper  in  refining  copper,  701-703,  706-708^  716. 

Oxland  revolving  roasting  furnace,  418. 

Oxygen  in  Bessemer  iron,  its  removal  by  manganese,  395. 

Oxygen  in  copper.     See  Oxide  of  copper. 

Papers  of  the  annual  meeting,  291 ;  of  the  Lake  Superior  meeting,  IL 

Park,  Brother  &  Co.,  copper  works,  Pittsburgh,  688,  68^. 

Park,  McCurdy  &  Co.,  copper  works,  Pittsburgh,  681. 

Paternoster  for  elevating  ore,  428. 

Patterns.     See  Rail  patterns. 

Pattinson  process  at  Pribram,  Bohemia,  453. 

Paxton  furnace,  Harrisburg,  experience  with  scafTold,  63. 

Peat  used  in  gas  producers  in  Sweden,  311,  314. 

Pencoyd  iron  works,  visit  to,  282. 

Penn  Gas  Coal  Company's  works,  coal  washing  plant,  476. 

Pennsylvania:  Coals,  determinations  of  sulphur  in,  657.     Coal- washing  plant,  475. 
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476.  Copper  works  in  Pittsburgh,  678, 681,  688.  Graphite  deposits  in  Chester 
County,  730.  Industrial  scliool  at  Drifton,  391.  Iron  ores,  55.  New  metliod 
of  mapping  the  anthracite  coal-fields,  506. '  Supplement  II  to  a  Catalogue  of 
official  geological  reports,  628. 

Pennsylvania  Railroad :  Credit  due  to,  593.  Dr.  Dudley's  report,  321.  Standard 
rail,  579.     Train  furnished  hy,  282. 

Pennsylvania  Steel  Company's  furnace,  wedging  and  bridging  remedied,  65. 

Percussion-tables:  Iron,  442.  Marble,  443.  Rittinger's,  437,  441,  445,  450,  451. 
Salzburger,  431,  437,  439,  440,  444,  445. 

Perkins  iron  mine  (Menominee  region),  visit  to,  10. 

Permanganate  of  potash  for  absorbing  sulphuretted  hydrogen  and  sulphur  dioxide, 
659. 

Pernolet  on  crushing  rolls,  465. 

Pernot  furnace:  Ports  for,  48-51.  Convenience  of  repairs  to  roof,  50.  Working 
of  furnace,  50. 

Petroleum :  Production  in  the  United  States,  298,  299.  Used  in  case  of  scaffolds, 
42,  70. 

Philadelphia  and  Reading  Railroad  :  Train  provided  by,  282.  Utilization  of  culm, 
294. 

Philadelphia  meeting:  Proceedings  of,  275.     Papers  of,  291. 

Phoenix  copper  mine  and  mill,  Lake  Superior,  90,  94,  684. 

Phosphor  steel:    Composition,  598.     Eflect  of  cold  on,  598. 

Phosphorus:  In  basic  steel,  598.  More  in  German  than  English  rails,  596.  The 
drop  test  a  check  on,  596.  In  Dudley's  formula,  356.  Elimination  in  pud- 
dling, 15.  Etrect  on  the  amalgamation  of  gold,  649.  No  change  effected  by 
the  Bessemer  process,  261. 

Phosphorus  units:  No  relation  to  wearing  capacity,  559.  Directly  proportional  to 
bending  weight,  560.     System  defective,  608. 

Physical  properties  of  iron  and  steel  determined  by  magnetism,  385. 

Physical  properties  of  steel  in  relation  to  their  wearing  capacity  (Dudley),  321,  340, 
341,343,  345;   (Kent),  554. 

Physical  tests  (see  also  under  Tests),  carried  too  far  in  Germany,  214. 

Picking  table,  446.     Rotating,  426,  448. 

Pig  iron:  Crystallization  on  chilling,  385,  386.  Effect  of  superheated  blast  on 
quality,  491,  492.  Krupp's  washing  process  at  Springfield,  111.,  297.  Product 
of  Pittsford  furnace,  8.  Product  of  Edgar  Thomson  Furnaces,  293.  Produc- 
tion in  the  United  States,  295.     Silicon  comes  from  ash  of  fuel,  492. 

Pigeon  Roost  gold  region,  Lumpkin  County,  Ga.,  400. 

Pillar  Copperas  Company,  Worcester,  Mass.,  269,  273. 

Pipe  stoves.     See  Iron-pipe  stoves. 

Pioche  :  Stampede  to,  30.     Rates  for  milling,  30. 

Pioneer  mill  in  Southern  Utah,  30,  31. 

Piston  jigs  for  coal  washing,  471. 

Pittsburgh  and  Boston  Copper  Mining  Company,  680. 

Pittsburgh  copper  works,  678,  680,  681,  685,  688. 

Pittsford  (Vt.)  furnace,  80-83. 

Placer  deposits,  origin  of,  633-646. 

Planimeter,  Amsler's,  for  measuring  areas,  517. 

Platinum  works  of  J.  Bishop,  visit  to,  283. 

Plattsburgh  (N.  Y.),  or  Norton  furnace,  77-79,  82. 

Polarized  steel,  386. 
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Pope,  Cole  &  Co.,  Baltimore,  treatment  of  copper  ores  from  Carroll  County,  Md., 
35,  40. 

Poling  copper,  703-708. 

Porphyry,  occurrence  of  coal  and  native  silver  in  a  vein  of,  650. 

Portage  Lake,  Lake  Superior,  682.     Visit  to,  4,  5.  ^ 

Porter- Allen  high-speed  engine,  298. 

Port  Henry,  N.  Y.,  iron  ore  mines,  session  of  the  summer  school  of  practical  min- 
ing, 666. 

Ports  for  steel-melting  furnaces,  48. 

Potassium  permanganate  as  an  absorbent  of  sulphuretted  hydrogen  and  sulphur 
dioxide,  659. 

Pottstown  Iron  Company's  furnaces,  economical  working  of,  494. 

Pottstown,  Pa.,  a  short  blast  at  the  Warwick  furnace,  5L 

Pounding  sieve,  429,  430,  446. 

Pribram,  Bohemia,  ore  dressing  and  smelting  at,  420. 

Price's  rail-testing  machine,  597. 

Pride  of  the  West  ledge,  Southern  Utah,  24. 

Prime,  Frederick,  Jr.,  Supplement  II  to  a  Catalogue  of  Official  Reports  upon  Geo- 
logical Surveys  of  the  United  States  and  Territories  and  of  British  North  America, 
288,  62L 

Proceedings:  Annual  meeting  (Philadelphia),  275.     Lake  Superior  meeting,  1. 

Producers  (gas)  using  blast,  309,  310. 

Public  Buildings,  Philadelphia,  visit  to,  283. 

Puddle  cinder.     See  Mill  cinder. 

Puddling  in  the  Swindell  regenerative  furnace,  296. 

Punch,  registering,  204,  357,  543,  569,  596. 

Punching  Kails,  199,  200,  227,  358. 

Quality  of  steel :  Determined  by  the  relation  of  ultimate  strength  to  ductility  and 
capacity  to  sustain  fatigue  by  shock,  541,  542.  Should  correspond  to  its  use, 
540,  592. 

Quartz  druse,  showing  native  silver  and  lustrous  coal,  652^  653. 

Quetelet  on  method  of  least  squares,  609. 

Quicksilver,  loss  in  milling  in  Southern  Utah,  321.     See  Amalgamation. 

Quincy  copper  mine  and  mill,  Lake  Superior,  683.     Visit  to,  4. 

Quinnesec,  Michigan,  visit  to,  10. 

Quinnesec  Falls,  visit  to,  10. 

Rabbling  copper,  701-704. 

Rail  fastenings  (see  also  Fish  plates),  226,  227,  363,  372,  375.  Rail  joints,  strength 
and  stiffness  of,  196,  197,  581.  Importance  of  uniformity,  372,  553,  587. 
Erie  standard  joint,  586,  587.     Rail  length,  226,  580. 

Rail  Patterns  (Holley),  283.  360.  Large  number  of  standard  patterns  in  use,  360, 
374.  Source  of  expense  to  both  railmakers  and  railway  companies,  361,  362. 
Advantages  of  keeping  standard  rails  in  stock,  362.  Excessive  production 
wasteful,  363.  The  remedy,  364.  Egotism  of  engineers  and  officers  of  rail- 
ways, 364.  Rails  made  to  fit  fish-plates,  365.  Patterns  for  iron  rails,  366. 
Conditions  governing  the  section  for  steel  rails,  366.  Destruction  by  wear 
only,  366.  Proportions  and  outline  of  head,  366,  367,  369.  Proportion  of  web 
and  flange,  367,  368.  Fish-plates,  369,  370.  Suggestion  for  the  adoption  of 
standard  patterns,  370.     Rail  fastenings,  372.     Tabular  arrangement  of  standard 
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patterns  of  eleven  Bessemer  mil  mills,  1574.     Tables  of  Sandberg's  standard  rail 
sections  and  fastenings,  375. 

.  Eail  sections  :  Body  required  in  web  and  flange,  G03.  Erie  section,  228,  079,  o80.  Im- 
portance of  uniformity,  372,  373,  553,  58G.  Influence  of  section  on  wear,  537. 
New  York  Central  section,  579.  Pennsylvania  section.  579.  Sandberg  sections, 
194,  195,  223,  229,  603,  604.  Sections  of  rails  examined  by  Dudley.  See  plates 
accompanying  paper.  Section  of  a  soft  rail,  602.  Welch  section,  531-533, 
552,  585.  603,  604. 

Rail  Specifications  and  Rail  Inspection  in  Europe  (Sandi^erg),  6,  193.  Introduction, 
193.  Sandberg's  standard  sections  for  iron  and  steel  rails,  194,  195.  Weight 
of  rail  and  strength  of  joint,  196.  Length  of  rails.  197.  Drilling,  punching, 
and  notching,  198.  Marking,  201.  Mode  of  manufacture,  201.  Inspection  of 
rails,  203-206.  Sandberg's  system  of  inspection,  206.  Tests  for  iron  and  steel 
rails,  208.  Kesults  of  inspection,  211.  English  engineers'  specifications,  213, 
German  engineers'  specifications,  213.  American  engineers'  specifications,  215. 
Conclusions,  217.  Appendices,  219.  Sandberg's  form  of  specifications  for  iron 
rails,  219.  For  steel  rails,  221.  Sandberg's  standard  rail  sections,  223-230. 
EflTect  of  notching,  231-234.  Forms  for  inspection,  235-240.  On  hot-straighten- 
ing machine,  240.  Gernian  specifications  for  steel  rails,  241-247.  Letters  from 
Tunner,  Weber,  and  Edward  Williams  on  Dr.  Dudley's  paper,  247,  248. 

Rail  mills,  capacity  in  the  United  States,  580. 

Railroads  constructed  in  the  United  States  since  1875,  298. 

Raymond,  R.  W.  :  A  Glossary  of  Mining  and  Metallurgical  Terms,  6,  99.  Discussion 
on  steel  rails,  605.  Mr.  Cloud's  mathematical  treatment  of  Dr.  Dudley's  first 
paper  on  breakage  of  rails,  605.  A  mathematical  discussion  of  Dr.  Dudley's 
paper  on  wear,  606.  Coefficient  of  silicon  negative,  and  of  manganese  zero, 
606.     On  the  weight,  fall,  and  speed  of  stamps,  84,  85. 

Receipts  and  disbursements,  287. 

Receptions  :  At  the  Penn  Club,  by  Professor  Frazer,  282.  At  the  Academy  of  the 
Fine  Arts,  283. 

Reese,  Jacob  :  Burnishing  and  Ductilizing  Steel,  285,  518.  Discussion  on  steel  rails, 
571.  Carbon  gives  strength  with  hardness,  while  silicon,  phosphorus,  and 
manganese  make  steel  both  hard  and  brittle,  571.  The  basic  process  will 
enable  us  to  make  steel  with  carbon  only,  571. 

Refining  copper.     See  Copper  refining. 

Refining  slag.     See  Copper  slag. 

Regelation  of  crystalline  salts  in  wire- drawing,  302,  303. 

Registering  press  or  punch  for  rails  or  fish  plates,  204,  357,  543,  569,  596. 

Rejection  of  rails,  causes  of,  211. 

Relations  of  the  Graphite  Deposits  of  Chester  County,  Fa,,  to  the  Geology  of  the  Rods  con- 
taining them  (Frazer),  6,  730.  (Geological  horizon  of  the  rocks,  730,  731. 
Lithological  character,  731.  Mine  of  the  Pennsylvania  Graphite  Company, 
731,  732.     Separating  the  graphite  from  the  rock,  732,     Age  of  the  rocks,  730. 

Report  of  inspection,  forms  for,  235-239, 

Report  of  the  Council  of  the  Institute,  286. 

Report  of  Secretary  and  Treasurer,  287. 

Removing  Scaffolds  in  Blast  Furnaces  (Witherow),  60.  Theory  to  account  for  the 
short  blast  at  the  Warwick  furnace,  60,  61.  Treatment  adopted  by  Mr.  Cook, 
61.  Method  of  restoring  scaflolded  furnaces,  62:  1.  Inserting  a  tuyere  above 
the  hearth,  62;  2,  Blowing  down,  62;  3,  Use  of  ex|)losives,  63;  4,  Opening 
the  front  and  shovelling  out  material  in  the  hearth,  63.     Experience  at  the 
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Paxton  furnace  with  high  tuyere,  63.  At  Catasauqna,  64.  At  the  Lucy  furnace 
in  Pittsburgh,  64.  At  the  Dunbar  furnace,  64.  A  case  of  bridging  atSteelton 
caused  l)y  too  large  a  bell,  65.  Accumulations  of  dust  and  fine  material  a  cause 
of  scaffolding,  65,  67.  Large  output  of  Western  furnaces,  QQ.  Connnents  on 
the  scaffolds  of  the  Cedar  Point  furnace,  6Q,  67.  Furnace  at  Vulcan  iron 
works  choked  by  coal-dust,  67,  68.  Dust  scaffold  at  the  Alice  furnace  at  Iron- 
ton,  Ohio,  68,  69.  The  Ferrie  system  unjustly  condemned,  70.  "A"  furnace 
of  Edgar  Thomson  works  recovered  from  a  chill  by  use  of  petroleum,  50.  The 
injection  of  hydrocarbons  into  the  blast  furnace  a  cooling  process,  70,  71. 
Cabral's  process,  71. 

Republic  iron  mine.  Lake  Superior,  visit  to,  4. 

Resolutions  of  thanks,  9,  288. 

Keverberatory  furnace.     See  Copper  refining. 

Revere  copper  woi'ks,  Boston,  680. 

Revolving  roasting  furnace,  418. 

Revolving  screen,  428-430,  439,  440,  449,  450. 

RrcHARDS,  R.  H. :  Notes  on  the  Assay  Spitzlutte,  284,  318. 

Richmond  &  Potts,  forms  of  ports  for  gas  furnaces,  48, 

Rickard,  Professor  W.  T.,  assays  of  gold  ores  from  Marmora,  Canada,  412. 

Rio  Virgin  River,  Southern  Utah,  23. 

Rittinger:  On  the  limiting  velocity  of  fall  in  water,  469,  470.  On  stamps,  96,  99. 
Stausatz,  434.     Percussion-table,  437,  441,  445,  450. 

River  Reef,  Southern  Utah,  31. 

Roasting  silver-lead  ores  at  Pribram,  Bohemia,  455. 

Roasting  gold-bearing  mispickel  from  Marmora,  Canada,  418. 

Roasting  iron  ores,  304. 

Rochester  mine,  Clearfield  County,  Pa.,  coal-washing  plant,  475. 

Rocky  Mountain  region.  Supplement  II  to  a  Catalogue  of  official  geological  reports, 
629. 

Roessler,  A.  R.,  on  tlie  extent  of  the  coal  deposits  of  Texas,  496. 

RoLKER,  C.  M.,  I'he  Silver  Sandstone  District  of  Utah,  5,  21. 

Rolling  and  sliding  friction,  348. 

Rolling-mill  cinder.     See  Mill  cinder. 

Rolling  rails  in  one  direction,  569. 

Roll  crushers:  For  coal,  463,  468.     For  ore,  427-430,  446,  453. 

Roofing  slates  at  Slatington,  Pa.,  contortions  of,  418. 

Roop  copper  property,  Carroll  County,  Md.,  33-40. 

Rotating  picking  table,  426,  448. 

Roth  WELL,  R.  F.,  The  Gold-bearing  Mispiekel  Veins  of  Marmora,  Ontario,  Canada, 
288,  409. 

Rules,  change  of,  8,  286. 

Rustiness  of  gold,  causes  of,  646. 

Saint  George,  Southern  Utah,  23. 

Saint  Mary's  River,  sail  through,  9. 

Salt,  action  on  iron,  273,  274. 

Salt  Coating  in  the  Manufacture  of  Iron  and  Steel  Wire  (Morgan),  283,  672.  Duc- 
tility defined,  672.  Necessity  of  thorough  lubrication  in  wire  drawing,  672. 
Greater  force  required  to  draw  Bessemer  steel  than  soft  iron  wire,  failure  of 
ordinary  lubricants,  672.  Accidental  trial  of  salt  coating,  and  successful  use, 
673.     Tables  showing  the  composition  of  wires  and  the  power  required  to  draw 
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therp,  673,  674,  Formulas  showing  the  relation  between  quantities  involved  in 
wiie-drawing,  674-677.     Coefficients  of  friction,  677. 

Silt  in  wire-drawing,  299,  672.     Ecgelation  of  salt,  302,  303. 

Salt  used  in  milling  in  Southern  Utah,  32. 

Salzburger  percussion-tables,  431,  437,  439,  440,  444,  445. 

Sandberg,  C.  p.:  On  Rdil  Specifications  and  Rail  Inspection  in  Europe,  193. 
Discussion  of  Dudley's  and  Ilolley's  papers,  593.  Credit  due  to  the  Pennsylvania 
R.  E.  and  Dr.  Dudley  for  the  investigation,  593.  Dr.  Dudley's  formida  and  test.s 
not  practicable,  593.  O[)position  of  manufacturers,  594.  Sulphur  and  copper  of 
more  importance  to  the  producer,  594.  Necessary  occasionally  to  determine 
sulphur  in  blooms,  594.  Sulphur  of  importance  in  basic  process,  594.  Eggertz 
color  test  for  carbon,  594,  595.  Too  small  amount  of  silicon  in  Dr.  Dudley's 
formula,  595.  High  silicon  not  necessarily  incompatible  with  excellent  physi- 
cal character,  595.  Dr.  Dudley's  physical  tests  not  practicable,  595.  German 
Railway  Union's  tests  comparatively  worthless,  595.  Drop  test  reduced  or 
abandoned  in  Germany,  595.  More  silicon  and  phosphorus  in  German  steel, 596. 
More  proof  needed  that  the  softest  steel  gives  the  best  wear,  o96.  Practical  test 
in  track  needed,  596.  Sliding  friction  with  fixed  locomotive  suggested,  596. 
Mr.  Price's  rail  testing  machine,  597.  Mr.  R.  Price  Williams's  papers  on  wearing 
resistance,  597.  Iron  and  steel  rails  compared,  597.  Use  of  crop  ends  for 
testing,  597.  Drop  test  will  secure  a  soft  material,  597.  No  difficulty  in  get- 
ting soft  rails  by  basic  process,  598,  599.  Soft  steel  an  advantage  to  the 
engineer  but  gives  more  wasters,  598.  Experiments  on  phosphor  steel  at  the 
Panteg  Works,  598.  Effect  of  cold  on  steel  rails,  598,  599.  Safety  in  cold 
climates  best  secured  by  carbon  only,  599.  Manganese  in  Dr.  Dudley's  formula 
might  be  doubled,  599.  Api)roves  of  Dr.  Dudley's  application  of  chemistry  to 
steel  inspection  while  disagreeing  with  his  chemical  and  physical  tests,  599. 
Sandberg's  procedure,  599,  600.  Not  expedient  for  engineers  to  vex  the 
manufacturers,  600.  Value  of  Mr.  Holley's  paper  on  rail  patterns,  601,  602. 
Body  required  for  flange  and  web  of  rail,  602,  6i'3.  Comparison  of  earlier  and 
later  patterns,  603.     Reference  to  the  Ashbel  Welch  section  of  1866,  603,  604. 

Sandberg's  system  of  inspection,  206,  220,  222,  228.  Forms  for  recording  inspection, 
235-239.  Standard  rail  sections,  194,  195,  223,  229,  603,  604.  Importance  of 
Sandberg's  contributions  to  good  permanent  way,  372,  578. 

San  Juan  Mountains  of  Southwestern  Colorado,  650. 

Sandstones  of  Southern  Utah,  21. 

Sault  Sainte  Marie,  visit  to,  6. 

Sawdust  used  in  gas  producers  in  Sweden,  311,  312. 

Sayre,  R.  H.,  Discussion.    Importance  of  uniformity  of  rail  sections  and  joints,  553. 

Scaffolds  in  blast  furnaces :  Causes  of,  60,  65,  75.  Removal,  60.  At  Alice  furnace, 
68.  At  Cedar  Point  furnace,  41.  At  Dimbar  furnace,  64.  At  Lucy  furnace, 
64.  At  Paxton  furnace,  63.  At  Steelton,  65.  At  W^arwick  furnace,  51,  60, 
61,  65. 

Scalded  steel,  386. 

School  for  miners  and  mechanics  at  Drifton,  Pa.,  391. 

School  of  Mines,  New  York,  the  summer  school  of  practical  mining,  664,  (JtU). 

ScHWARZ,  Theodore  E.,  Communication  on  a  gold  crystal  found  in  a  mercury 
lank,  285. 

Scranton  blast  furnace,  economy  of  fuel,  494. 

Scorias.     See  Slags. 

Screens :  Revolving,  428-430,  439,  440,  449,  450.  Openings  and  area  of  screens 
in  stamp  mills,  95-99. 
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Secretary's  and  Treasurer's  financial  report,  287. 

Section.     See  Rail  section. 

Seisholtzville,  Pa.,  magnetic  ore,  analysis,  55. 

Self-fluxing  Properties  of  Chateaugay  Magnetite  and  its  Treatment  in  the  Blast  Furnace 
(KiMBALii),  6,  72.  Experiments  with  the  nse  of  Chateaugay  ore  without  other 
flux  than  its  own  gangue,  72.  Its  use  previously  limited  to  Catalan  forges,  72. 
Description  of  the  Pittsford  furnace,  72,  73.  Analysis  of  limestone,  73.  Anal- 
ysis of  ore,  74.  Theoretical  composition  of  slag,  74.  Experiments  in  cruci- 
bles, 74,  75.  Details  of  working  of  the  Pittsford  furnace,  75,  76.  Description 
of  the  Plattsburgh  or  Norton  furnace,  77,  78.  Experiments  with  Chateaugay 
ore  at  the  furnace,  79.  Self-fluxing  properties  of  the  ore,  79,  80.  Analysis  of 
tlie  Pittsford  slag,  80.  Analyses  of  commercial  samples  of  Chateaugay  ore,  81. 
Extract  from  blast  books  of  Pittsford  and  Norton  furnaces,  82.  Analyses  of 
pig  iron  and  slags  from  Pittsford  furnace,  83. 

Sellers,  William,  Discussion  of  steel  rails,  539.  Influence  of  phosphorus  on  steel 
in  connection  with  other  elements,  539.  Influence  of  heat  and  manipulation, 
540.  _  Chemical  composition  of  no  value  to  the  engineer,  540.  Physical  tests 
must  decide  quality,  540.  Quality  best  determined  by  relation  between  ultimate 
strength  and  ductility,  541.  Capacity  to  bear  fatigue  and  shock,  541,  542. 
Different  effect  produced  by  shock  and  by  pressure,  542.  Drop  test  and  regis- 
tering punch  recommended  for  rails,  542,  543.  Chemical  composition  of  rails 
should  not  be  made  rigid  in  specific^itions,  but  the  amount  of  carbon  might  be 
left  to  the  manufacturer,  if  he  is  to  give  a  guarantee,  543. 

Separating  or  washing  machines  for  coal,  468-474. 

Separation  of  ores  in  the  assay  spitzlutte  and  jig,  318,  320. 

Sewage,  effect  on  iron,  268,  271. 

Shearing  test:  Of  64  rails  by  Dudley,  324,  325.     Recommended  for  tails,  357. 

Shenandoah-Mahanoy  coal  basin,  mapping  of,  509,  517. 

Shimer,  P.  W.,  sulphur  determinations  in  coal,  663. 

Shinn,  W.  p.,  The  Advance  in  Mining  and  Metallurgical  Art,  Science,  and  Industry 
since  1875,  279,  293.     Resolution  of  thanks  to,  289. 

Shocks:  Effect  on  rails,  567.  'Effect  different  from  pressure,  542.  Determination 
of  the  fatigue  produced  by,  542. 

Shocks  on  Bailway  Bridges  (Cloud),  284,  375.  Effect  of  the  counterweight  on 
driving-wheels  of  express  locomotives,  376.  Magnitude  of  the  blows,  377. 
Other  vertical  disturbances  caused  by  the  downward  pressure  on  the  crank-pin, 
377-379.  Variations  in  pressure  resulting  in  a  series  of  quick  blows,  379. 
Necessity  of  high  factor  of  safety  in  steel  for  bridges,  380. 

Short  Blast  at  the  Warwick  Furnace,  Pennsylvania  (Birkinbine),  5,  51.  Remarkable 
record  of  Warwick  furnace,  51.  Description  of  furnace,  52.  Details  of  work- 
ing, charges,  and  yield,  52,  53,  54.  Analyses  of  cinder  and  ores,  54,  55.  Fur- 
nace diary,  55,  56,  57.  Sudden  stoppage,  57,  58.  Condition  of  furnace  re- 
vealed on  cleaning  out,  58,  59. 

Shovelling  out,  a  remedy  for  scaffolds,  63. 

Shumard,  Dr.,  on  Texas  coals,  495. 

Siemens  furnace :  For  refining  copper,  681.  Ports  for  gas  furnaces,  48.  Gas  pro- 
ducers using  blast,  311,  316. 

Sieve,  pounding,  429,  446.     Rotating  conical,  447. 

Silica,  solution  and  deposition  of,  with  gold,  643,  645-647. 

Silicious  iron  ores,  smelted  advantageously  with  aluminous  ores,  13-20. 

Silicon:     Dr.  Dudley's   formula  (608)  prescribes  too  low  a  limit,  216,  595.     Effect 
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of  silicon  on  steel,  216,  599.  Effect  on  hardness  over-estimated,  564,  565.  Elimi- 
nation in  the  cold  blow,  595.  Elimination  in  the  hasic  process,  598.  Favora- 
ble to  slow  wear,  008.  High  silicon  in  a  good  rail,  .'Ml,  .")()5.  More  in  German 
than  in  English  steel,  596.  Sandberg's  limit,  216.  Variation  of  amount  of 
silicon  in  good  steel,  595.  Elimination  in  the  Bessemer  process,  260,  264,  26"), 
Ash  of  coal  a  source  of  silicon  in  pig  iron,  492. 

Silver:  Occurrence  with  lustrous  coal,  6e50.  In  Lake  copper,  687,  728.  Production 
in  the  United  States,  297,  299. 

Silver-flat  claim,  Southern  Utah,  28,  24. 

Silver  Islet,  Lake  Superior,  visit  to,  5. 

Silver  mills.     See  Stamp  mills. 

Silver  ores:  Gunnison  County,  Colorado,  252-256.  Horn-silver  in  sandstones  of 
Southern  Utah,  26-33.  Pribram,  Bohemia,  420,  453.  Assay  value  of,  103. 
Prices  paid  for  in  Leadville  and  Denver,  257.     List  of,  175. 

Silver  Reef  mining  district  of  Utah,  21,  30. 

Silver  Sandstone  District  of  Utah  (Rolker),  5,  21.  Situation  in  Southern  Utah,  21. 
Silver  Reef  the  main  camp,  21.  Topography  and  geology,  21,  24.  Distribu- 
tion of  the  silver  in  the  sandstones,  25.  Vegetable  remains,  24,  25.  Cimr- 
acter  and  richness  of  ore,  26.  Origin  of  the  silver  impregnation,  26  28,  As- 
sociation with  copper,  28.  Occurrence  of  remains  of  trees  and  lignite,  29, 
Faults,  29,  30.  History  of  the  camp,  discovery,  development,  milling,  and  yield 
of  bullion,  30,  32.  Capacity  of  mills,  31,  32.  Use  of  chemicals,  32.  Cost  of 
milling,  32.  Tailings  and  slimes,  32.  Discussion.  G.  W.  Maynard.  Age  of 
sandstones,  33.  Compared  with  similar  deposit  in  the  Urals,  33.  Difficulty  of 
determining  whether  the  sandstones  are  silver-bearing,  33. 

Silver  sandstones  in  the  Ural  Mountains,  33. 

Slack  coal,  washing,  462.     Utilization  of  culm,  294. 

Slags:  Blast-furnace  slags,  relation  of  silica  to  alumina,  17-21.  Analyses,  74,  80, 
83.     Bessemer  slags,  261-266.     See  also  Copper  slags,  Cinder,  etc 

Slate  deposits  of  the  Southern  States,  workable  for  gold  by  the  hydraulic  process, 
•  399, 

Slatington,  Pa.,  contortions  of  the  lower  Silurian  roofing  slates,  408. 

Sleepers:  Spacing,  368,369,533,  Placed  nearer  together  to  compensate  for  heavier 
locomotives,  579.    Iron  and  steel  sleepers,  369. 

Sliding  and  rolling  friction,  348. 

Slimes:  From  dressing  Lake  Superior  copper  rock,  685,  68(5.  From  stamp  mills, 
95-99.  From  jnilling  silver  sandstones  of  Utah,  32.  Concentration  at  Pri- 
bram, 440,  450. 

Smelting:  Silver-lead  ores  at  Pribram,  420,  453.  Copper  slags,  718.  Silver  ores 
in  Gunnison  County,  Colorado,  256. 

Smith,  E.  A.,  contribution  of  Claiborne  shells,  287. 

Smith,  J.  T. :  Suggestion  of  the  registering  punch,  357.  Comparison  of  iron  and 
steel  rail.s,  597. 

Soft  steel  (see  also  Hard  steel)  :  Limit  of  softness,  345-347.  Gives  the  slower  wear 
with  light  equipment,  530.  A  misnomer,  583.  Soft  steel  better  than  hard,  if 
hardness  is  obtained  by  phosphorus,  silicon  and  manganese,  549.  Compared 
with  hard  steel  for  wear,  see  Hard  steel.  Soft  steel  made  by  the  basic  process, 
598.     Best  for  bridge  construction,  380-385. 

Soho  furnace,  Pittsburgh,  economy  of  working,  494. 

Soho  works,  Pittsburgh,  730. 

Sorting  of  ores:  In  the  assay  spitzlutte,  318.     At  Pribram,  426,  446, 
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Soundness  of  ingots  of  first  importance,  248. 

Southern  gold-mining  region:  The  auriferous  slates,  399.  Climate,  labor,  provi- 
sions, railroads,  etc.,  402. 

Southern  Utah,  the  silver  sandstone  district,  21. 

Southwestern  Colorado,  mining  region,  650. 

Soutii  Jackson  iron  mine,  Lake  Superior,  visit  to,  3. 

Specifications  for  rails:  Dudley's,  356.  In  America,  215.  In  England,  212.  In 
Germany,  213,  241-247.     In  Europe,  194. 

Speed,  weight,  and  fall  of  stamps,  84-99. 

Speise,  the  estimation  of  copper  in,  316. 

Spiegeleisen,  estimation  of  manganese  in,  397. 

Spitzkasten,  431,  434,  437,  439,  450. 

Spitzlutte,  318,  437,  439. 

Sponge  gold,  experiments  with,  639. 

Sponge  iron,  Eustis's  process,  274. 

Springfield  iron  Company,  111.:  Steel-melting  furnaces,  49,51.  Washing  phos- 
phoric })ig  iron,  297. 

Stafford,  C.  E.  :  Discussion  of  steel  rails,  572.  The  slower  wear  of  the  32  rails  due 
to  external  conditions,  not  to  inherent  qualities,  572-575.  The  data  lead  to  the 
conclusion  that  the  harder  rails  give  the  slower  wear,  573,  575,  576.  Many 
conditions  which  affect  wear  not  considered  by  Dr.  Dudley,  576.  Conclusions 
drawn  from  averages  valuable  only  when  confirmed  by  other  data,  577.  Com- 
parisons of  rails  subject  to  the  same  conditions  show  slower  wear  for  the  harder 
rails,  577,  578. 

Stamp  mills:  Compared  with  arrastre  for  efficiency,  649,  650  In  silver  sandstone 
district  of  Utah,  30-32.  Atmospheric  stamps,  90,  94,  99.  Ball  stamps,  90,  93, 
99.  At  Pribram,  Bohemia,  433-437,453.  Visit  to  Lake  Superior  stamp  mills, 
4.     Weight,  fall,  and  speed  of  stamps,  84-99. 

Standard  measures,  importance  of,  198. 

Standard  patterns.     See  Rail  sections. 

Standard  seOiions.     See  Kail  sections. 

Stanton,  John  O. :  A  new  Bessemer  converter  bottom,  390. 

Statistics,  analysis  of,  608. 

Stanch  jigging  machine,  448,  449. 

Stauffer  eopi)er  property,  Carroll  County,  Md.,  34. 

Stausatz,  434. 

Stay  battery,  434. 

Steamboat  springs,  28. 

Steel  :  Analyses  of  bridge  rods  Avhich  broke  in  service,  381.  Classification  of,  180. 
Compared  with  iron,  with  reference  to  its  adaptability  for  bridges,  380.  Adapted 
to  greatest  variety  of  uses  when  containing  0.90  carbon,  386,  387.  Burnishing 
and  ductilizing,  518.  Crystallization  on  chilling,  386.  Polarized  steel,  scalded 
steel,  386.  Estimation  of  manganese  in,  397  ;  of  carbon,  388.  Elastic  limit 
increased  by  repeated  strains,  387  ;  decreased  by  burnishing,  525.  Length- 
ened by  magnetism,  387.  Magnetism  increased  by  gradual  addition  of  load, 
387.  Parallelism  between  magnetic  and  other  physical  properties,  385.  De- 
tection of  flaws  by  magnetic  needle,  388.  Wheeler  process  of  rolling  steel 
scrap,  297.     See  Crucible  steel,  Bessemer  steel,  Steel  rails,  etc. 

Steel  castings,  the  Terrenoire  process  in  Pittsburgh,  297. 

Steel  for  Bridges  (Cloud),  284,  380.  Diagonal  steel  rods  used  in  a  Pratt  truss 
bridge,  380.     Physical  tests  of  the  steel,  factor  of  safety,  380.     Breakage  of 
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six  of  these  rods  in  three  years,  380.  Examination  of  the  steel,  381.  Corn- 
pared  with  iron  rods  which  had  given  long  service,  381.  Stitiness  tlie  cause  of 
failure  of  the  steel,  381.  Iron  adapts  its  If  more  readily  to  unmechanical 
workmanship,  382.  Steel  with  as  low  modulus  of  elasticity  and  elastic  limit  as 
the  iron  would  have  stood  as  well,  384.  These  qualities  produced  by  reducing 
the  manganese,  384. 

Steel  rails.  See  under  R:ul  specifications,  Rail  patterns,  Wearing  capacity,  etc., 
and  the  Physical  and  (chemical  properties  of  steel. 

Steel  rails  compared  with  iron  rails,  201,  202,  217,  247,  345,  360,  531,  582,  597. 

Steel-mehing  furnaces,  ports  for,  48. 

Steel  rail  mills:  Capacity  in  the  United  States,  580,  581.     Production,  296. 

Steel  rolls,  best  composition  for,  549. 

Steel  scrap,  VVIieeler  process  for  rolling,  297. 

Steel  wire.     See  Wire-drawing. 

Steelton,  Pennsylvania  Steel  Company's  works  at,  65. 

Steigerschule  at  Drifton,  Pa.,  391. 

Stephens  County,  Texas,  coal  in,  498. 

Stephenson  iron  mine,  Menominee  region,  visit  to,  30. 

Stiffness  of  rails,  197,  199,  208,  346,  369. 

Stiffness  of  rail  joint,  197. 

Stiffness  in  steel  renders  it  unfit  for  bridge  construction,  381. 

Stockder,  MoRiTZ,  and  Kcenig.  G.  A.:  On  t/ie  Occurrence  of  Lvstrovs  Coal  with 
Native  Silver  in  a  Vein  in  Porphyry  in  Otiray  County,  Colorado,  285,  650. 

Stormont  claim,  Southern  Utah,  24. 

Stormont  mill,  30,  31,  32. 

Stosshe-rd.     See  Percussion-table. 

Stossriitter,  429,  430. 

Straightening  of  rails,  211.  A  cause  of  breakage  on  road,  211.  Hot  straightening, 
212,  240,  535,  538  . 

Strength  of  rail  joint,  196.     Of  Erie  rail  joint,  329. 

Strength  of  steel.     See  Tensile  strength. 

Stretch,  P.  II.,  assays  of  gold  ores  from  Marmora,  Canada,  415. 

Stutz.S.,  Cba/  IKas/u/j.^,  261,  284. 

Sub-conglomerate  coals  in  Texas,  498. 

Subscription  dinners:  At  Houghton,  5.     At  Philadelphia,  284. 

Sulphate  of  lime  in  coal,  662. 

Sulphur  :  Effect  on  rail  steel,  544,  547,  589,  594.  Importance  in  basic  process,  594. 
Of  more  importance  to  the  manufacturer  than  the  consumer  of  rails,  589,  594. 
Efl^ect  on  the  amalgamation  of  gold,  648,  649.  Roasting  silver-lead  ores  at 
Pribram,  446. 

Sulphur  in  iron  ores  :  Removal  by  heavy  liming,  492.  Taylor's  roasting  furnace, 
304.  The  Hudson  kiln,  305.  The  Westman  kiln,  305.  Advantage  of  alu- 
minous ores  in  removing  sulphur  in  the  blast  furnace,  20. 

Sulphur  in  coal  and  coke:  Method  of  determining  the  mineral  and  organic  sulphur, 
657,  653.     Influence  of  coking  on  the  sulphur,  663. 

Sulphur  dioxide,  bromine  and  potassium  permanganate  as  absorbents  of,  659-. 

Sulphuretted  hydrogen,  bromine  and  potassium  permanganate  as  absorbents  of,  659. 

Summer  School  of  Practical  Mining  (Munroe),  288,  664.  Organization  of  the 
school,  664.  Approval  of  E.  B.  Coxe,  664.  First  held  at  Drifton,  Pennsylva- 
nia, 664.  Engineering  and  Mining  Journal  on  the  work  of  the  school,  664, 
665.     It  is  made  a  part  of  the  regular  course  of  instruction  in   the  ScIkh)!  of 
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Mines,  666.  Sessions  of  the  school  at  Mineville,  N.  Y.,  in  the  Lake  Superior 
copper  region,  Dover,  N.  J.,  Westmoreland  coal  mines,  near  Pittsburgh.  Pa., 
and  Marquette  County,  Michigan,  666.  Scheme  of  study  at  tlie  Dickerson  mine, 
666.  Scheme  of  study  at  the  Westmoreland  coal  mines,  668.  Preparation  of 
memoir,  671. 

Sumpfofen,  the  Pittsford  (Vt.),  furnace,  72. 

Superheated  blast:  Economy  claimed,  482,  483,  487,  488,  489.  Economy  disputed, 
493,  494.     Eflfect  on  character  of  pig  iron,  491,  492. 

Supplement  II  to  a  Catalogue  of  Official  Geological  Surveys  of  the  United  States  and 
Territories  and  of  British  North  America  (Prime),  288,  621. 

Surveys.    See  Geological  Surveys,  Mine  Surveys. 

Suspended  joints,  197. 

Sweden:  Scarcity  of  native  fossil  fuel,  311.  Use  of  sawdust,  wood,  and  peat  in 
gas  producer^,  311-315.  Gas  producers  using  blast,  310-315.  Effect  of  con- 
densed products  of  prodiicers'on  the  fisherie-^,  312. 

Swedish  kiln,  Westman's,  for  roasting  iron  ores,  305. 

Swindell  regenerative  puddling  furnace,  296. 

Taft's  stamp  mill,  Eldorado  County,  California,  90. 

Tailings:  From  dressing  Lake  Superior  copper  rock,  686.  From  milling  silver 
sandstones  in  Southern  Utah,  32.     See  Slimes. 

Taylor,  W.  J.,  An  Ore-roasting  Furnace,  288,  304.  A  Fluxing  Gas-producer  for 
Making  Heating  Gas,  288,  309. 

Tecumseh  claim,  Southern  Utah,  30. 

Teller  lode,  Gunnison  County,  Colorado,  255. 

Tellurium  in  copper  from  Colorado  ores,  729. 

Temper,  confusion  in  the  use  of  the  term,  551. 

Templates  for  rails,  importance  of  uniformity,  553. 

Tensile  strength  :  German  specifications  for,  213,  242,  246.  Of  64  rails  by  Dudley, 
324,  325.  The  property  of  importance  in  steel  for  rails,  247,  In  connection 
Avith  ductility  a  measure  of  the  (jnality  of  the  steel,  541.  Dudley's  limit  for 
steel  rails,  347.  Of  iron  and  steel  bridge-rods,  381.  Of  steel  treated  by 
Reese's  burnishing  process,  526.  Of  cold-rolled  wrought  iron,  528.  Of  Lake 
Superior  copper,  730. 

Terrenoire  steel  casting  process  in  Pittsburgh,  297. 

Territorial  surveys,  621. 

Tertiary  lignites  in  Texas,  506. 

Terms  used  in  mining  and  metallurgy,  a  glossary  of,  99. 

Tests  of  copper  during  refining,  701-708. 

Tests  of  steel :  Of  bridge  rods,  381.     Of  Reese's  ductilized  steel,  526. 

Tests  of  steel  rails :  (See  also  under  Drop  test,  Tensile  strength.  Bending  test, 
Shearing  test.)  Dr.  Dudley's  tests,  324-326,  356-359,  Criticisms  on  Dr. 
Dudley's  tests,  542,  595,  599.  Sandberg's  tests,  208-211,  220,  222,  228,  600. 
German  tests,  213,  241,  242,  244,  246.  Criticisms  on  the  German  system,  353, 
595.  English  tests,  212,  Russian  tests,  214.  Tests  for  Spain,  Italy,  and  France, 
214.  For  stiffness  and  dead  load,  208,  209.  P'or  quality  and  wearing  capacity, 
208,  209.  For  safety  against  breakage,  208,  210,  248.  Drop  test  (which  see) 
most  effective  in  keepi.>  i  out  silicon  and  phosphorus,  596.  Drop  test  advocated 
by  Sandberg,  596,  Sell)  .542,  543,  and  Jones,  546.  Registering  punch,  204, 
357,  543,  569.  Bending  st-bar,  538,  546,  565.  Test  at  Troy,  538.  Rail  test- 
ing machine  of  Mr.  Pj\.e,  597.     Experimental  test  of  rails  in  the  track,  597 
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Texas:  The  Brazos  coal-field,  495.  Supplement  II  to  a  Catalogue  of  oflicial  geo- 
logical reports,  G31.  ♦ 

Thomas  &  Gilchrist  process.     See  Basic  process. 

Thomas  T.,  assay  of  gold  ores  from  Marmora,  Canada,  413. 

Thompson,  Charles  O.,  The  Action  of  Common  Salt  and  other  llelated  CrydaUinc 
Salts  on  Wire-dramng,  283,  299.  Ejfect  of  Sewage  on  Iron,  4,  268.  Mica  Mining 
in  New  Hampshire,  6. 

Thompson's  lead.  White  Keef,  Utah,  22. 

Thunder  Cape,  Lake  Superior,  sail  around,  5. 

Thurston,  R.  H.,  on  the  mechanical  treatment  of  metals,  529. 

Ties.     See  Sleepers. 

Tin  ores,  list  of,  186. 

Tires  :  Effect  of  hard  rails  on,  247.     Soft  tires  give  the  slowest  wear,  570,  571. 

Tonnage  and  history  of  the  64  rails  examined  by  Dudley,  332,  338.  Torsion  test  of 
64  rails  by  Dudley,  324-326.    Eecommended  for  rails,  357.    See  Wheel  tonnage. 

Toquerville  claim.  Southern  Utah,  23,  31. 

Torch  Lake,  Lake  Superior,  visit  to,  5. 

Tough  pitch  of  copper,  703,  707. 

Travelling  or  creeping  of  road,  200,  581. 

Treasurer's  and  Secretary's  financial  report,  287. 

Trethewey,  Richard  J.,  superintendent  of  Silver  Inlet  Mine,  5. 

Trommel,  washing,  447. 

Troy,  New  York,  practice  in  making'  and  testing  steel  rails,  538. 

Tunner,  Peter  Von,  on  Dudley's  paper,  247. 

Tuyere  above  the  mantel,  a  remedy  for  scaffolds  in  blast  furnaces,  43,"62-65,  66. 

Ultimate  strength.     See  Tensile  strength. 

Uncompaghre  mountains  and  river,  Southwest  Colorado,  650. 

Underground  structure  shown  on  geological  maps,  510,  et  seq. 

Under-poled  copper,  708. 

Uniformity  in  rail  sections  and  fastenings,  372,  373,  553,  586,  587 < 

Union  League,  Pliiladelphia,  subscription  dinner  at,  284^ 

United  States  official  geological  surveys,  621,  632. 

Ural  Mountains,  occurrence  of  silver  sandstones,  33. 

Utah  :  The  silver  sandstone  district,  21.     Coking  coal  in,  294. 

Utilization  of  culm,  294. 

Vanderbilt  claim,  Southern  Utah,  23,  31. 

Vegetable  remains,  in  silver  sandstones  of  Utah,  27,  28,  29,  and  in  tiie  Ural  Moun- 
tains, 33. 
Virgin  City,  Southern  Utah,  27. 

Virginia:  Supplement  11  to  a  Catalogue  of  official  geological  reports,  632. 
Virginia  coals,  determinations  of  sulphur  in,  657. 
Vulcan  iron  mine  (Menominee  region),  visit  to,  10. 
Vulcan  iron  works,  furnace  chokied  by  dust,  67. 

Wages  of  miners,  smelters,  and  laborers:  In  Gunnisor  ounty,  Colorado,  251.  In 
mining  region  of  Southern  States,  402.  In  Ontai  'anada,  420.  In  Pribram, 
Bohemia,  424.     On  Lake  Superior,  718. 

Warren  Thread  Company,  Worcester,  Massachusetts,  2  j  . 

Warwick  furnace:  A  short  blast  at,  51,  60,  i^b.     Economical  working,  494. 
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Washburn  &  Moen  Mann factii ring  Company,  Worcester,  Massachusettis :  Experi- 
ments in  wire-dra\^ing,  299,  673.  The  construction  of  gas  producers  using 
blast,  315. 

Washing  coal,  294,  461.     Stutz  washing  machinery,  466-477. 

Washing  pig-iron,  Krupp's  process,  at  Springfield,  Illinois,  297. 

Washing  trommel,  447. 

Waste  in  mining  coal,  294. 

Water  from  drive-wells,  Worcester,  Massachusetts,  analyses,  272.  EtTect  on  iron, 
272,  273. 

Water  power  in  the  Southern  gold  belt,  401. 

Wear  of  steel :  Dependent  on  abrasive  resistance,  569.  Dependent  on  pressure  of 
wheels,  529,  579,  580  Dependent  on  many  external  conditions  as  well  as  in- 
herent qualities  of  rails,  572-575,  576.  Conditions  favorable  to  slower  and 
faster  wear,  574.  Theory  of  wear,  339,  347,  348,  368,  529.  Less  in  the  softer 
rails,  247,  341,  356,  590.  Less  in  the  harder  rails,  248,  529,  550,  573,  575,  576, 
578.  More  proof  required  that  soft  rails  give  the  slower  wear,  596,  597.  Me- 
dium hardness  gives  the  best  wear,  210,  247.  Effect  of  curves  on  wear,  342, 
343,  351,  584.  Effect  of  grades  on  wear,  602.  Flange  wear,  342,  343,  344,  591. 
Effect  of  carbon  in  comparison  with  phosphorus,  silicon,  and  manganese,  549, 
571.  Effect  of  silicon,  608.  Manganese,  no  effect  on  wear,  608.  Actual  tests 
for  wear  of  rails,  596,  597. 

Wearing  Capacity  of  Steel  Rails  in  Relation  to  their  Chemical  Composition  and  Phys- 
ical Properties  (Dudley),  283,  321.  Report  to  T.  N.  Ely,  Superintendent  of 
Motive  Power,  Pennsylvania  Pailroad  Company,  321.  Reference  to  previous 
•  report  read  at^  the  Lake  George  meeting,  322.  Improvement  of  maintenance 
of  Avay  on  Pennsylvania  Railroad,  322.  Study  of  the  wear  of  rails  under  various 
conditions  of  service,  322,  323.  Selection  of  64  rails  from  track  for  chemical 
and  physical  examination,  323,  324.  Description  and  results  of  tests,  324,  325, 
326.  Tonnage,  326.  Method  of  determining  the  loss  of  metal  by  wear,  326- 
331.  History  and  tonnage  of  each  rail,  331-338.  What  is  wear?  339,340. 
Study  of  the  tabulated  results,  leading  to  the  conclusions  that  the  softer  steel 
gives  the  slower  wear,  340-345.  Wrought-iron  and  steel  compared,  345,  346. 
Limit  of  softness,  346,  347.  Discussion  of  the  nature  of  wear,  347,  348,  349. 
Effect  of  grade  on  wear,  350.  EfTect  of  curves  on  wear,  351.  Wear  on  high 
and  low  sides  of  curves,  351.  Life  of  rails,  352-355.  Specifications  recom- 
mended for  chemical  composition  and  physical  tests,  and  inspections  for  rails 
for  the  Pennsylvania  Railroad,  356,  357.  The  registering  press,  357,  358. 
Four  ways  of  applying  the  bending  test,  358.  Recommendation  for  bending 
test,  359.     Acknowledgments  for  services  rendered,  359. 

Wearing  capacity  bears  no  relation  to  the  chemical  composition  and  physical  prop- 
erties determined  by  Dudley  (Kent),  554. 

Web  of  rail,  proportions  of,  367,  368. 

Weber  on  Dr.  Dudley's  paper,  247. 

Weed  &  Williams's  forge,  72. 

Weeks,  J.  D.,  Imn  Making  in  India,  4. 

Weight,  Fall,  and  Speed  of  Stamps  (Miinroe),  6,  84.  Reference  to  Raymond's  re- 
port, 84,  85.  Paper  by  Main,  84,  85.  Tabulation  and  comparison  of  results 
from  Western  and  Lake  Superior  mills,  86-99.  Effect  of  size  of  screen-open- 
ings and  area  of  screens,  95.     Resume,  97. 

Weight  of  rails,  196.  German,  243.  Relation  to  weight  and  speed  of  engines,  197, 
579. 
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Weight  on  driving  and  car  wheels,  579,  580. 

Weimer,  P.  L.,  designer  of  Warwick  furnace,  52. 

Welch,  Asiibp^l.  Discussion  of  steel  rails,  529.  Hard  rails  compared  with  soft, 
with  regard  to  the  weight  on  a  wheel,  529.  Xatiire  of  wear,  529.  Wheel  ton- 
nage, 530.  Softer  rails  gave  better  wear  than  hard  ten  years  ago,  530.  Origin 
of  the  j)resent  form  of  steel  rails  in  18G6.  Condemned  by  engineers,  532.  Or- 
der finally  taken  by  John  Brown  &  Co.,  532.     Practical  success  of  the  section, 

532.  Adoption  by  other  railroads,  533.     Comparison  with  Sandbcrg's  section , 

533.  Relative  proportion  of  head  and  body,  533,  534. 
Welch,  Ashbel,  rail  section,  531-533,  552,  585,  603,  604. 
Wellman,  S.  T.,  form  of  ports  for  gas  furnace,  49. 

Wendel,  Dr.  August.  Discussion  of  steel  rails,  563.  Dr.  Dudley's  one  good  for- 
mula to  work  by,  563.  Silicon  might  be  disregarded  in  formula,  564.  P^ftect 
of  silicon  on  liardness  overestimated,  564.  The  amount  of  manganese  should 
be  a  function  of  the  other  elements  present,  564.  Dr.  Dudley's  original  for- 
mula preferred,  564.  Woi-ks  must  return  to  hammering  if  manganese  is  too  low, 
565.  German  government  officials  insisting  on  hammering,  565.  Silicon  not 
too  high  in  the  exceptional  rail,  565.  Natural  conclusion  from  Dr.  Dudley's 
experiments,  565.  Test  of  bending  bar  cold,  565.  Manganese  and  silicon  will 
regulate  themselves  if  the  carbon  is  determined  and  the  bending  test  applied, 
565.     Low  manganese  productive  of  unsound  ingots,  oQQ. 

Wertlieim  on  crushing  rolls,  465,  466. 

Westchester  aluminous  magnetite,  18-21. 

Western  iron  furnaces,  large  output,  Q6. 

Westman  kilns  for  roasting  iron  ores,  305. 

Westmoreland  Coal  Company  mines,  near  Pittsburgh,  session  of  summer  school  of 
practical  mining,  6QQ,  668. 

Westmoreland  County,  Pennsylvania,  coal  washing  plant  of  the  Penn  Gas  Coal 
Company,  476. 

West  Virginia,  Supplement  II  to  a  Catalogue  of  official  geological  reports,  632. 

Wheeler  process,  for  rolling  scrap  steel,  297. 

Wheels  :  Contact  surface  with  rails,  579.     Limit  of  weight  on,  197,  579,580. 

Wheel  tonnage,  530,  545,  589. 

Wliite  &  Howell,  revolving  roasting  furnace,  418. 

White  Reef,  Southern  Utah,  22-25,  30,  31. 

W/iitweU  Firebrick  Hot  Blast  Stove  and  its  Recent  Improvements  (Gordon),  285,  480. 
Three  stages  of  development  of  the  Whitwell  stove,  480.  Relation  between 
speed  of  current  and  surface  area,  481.  Deposition  of  dust,  481.  Hot-air  jet 
to  aid  the  combustion  of  the  gas,  482.  The  ideal  working  of  the  blast  fur- 
nace, 482.  Heating  surface  required  in  Whitwell  stoves,  483.  Increase  of  out- 
put by  using  Whitwell  stoves,  483.  Formula  for  calculating  heating  surface, 
483.  Comparisons  of  furnaces  by  cubical  capacity,  484.  Why  many  furnaces 
have  been  supplied  with  too  little  stove  power,  484,  Calculations  to  show 
amount  of  gas  needed  for  Whitwell  and  iron-pipe  stoves,  484,  485.  Pi'opor- 
tions  of  air-passages,  486.  Simplified  construction  of  the  stoves,  4S7.  Kflect 
of  superheated  air  on  the  blast-furnace  process,  487,  488.  Relative  cost 
of  Whitwell  stoves,  488.  Variations  of  temperature  of  blast  obviated,  489. 
The  stove's  immense  reservoir  of  heat,  490.  Giving  up  heat  to  the  air  secures 
the  safety  of  the  stove,  490.  Thickness  of  walls,  491.  Mass  preferable  to  sur- 
face, 491.  Effect  of  high  heats  on  quality  of  iron,  491,  492.  Proper  furnace 
management,  492.    Discussion.    J.  Birkinbine.    Disputes  the  statement  that 
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the  Whitwell  stoves  will  augment  the  product  60  to  70  per  cent.,  493.  Cast- 
iron  pipe  stoves  as  durable,  if  equally  well  cared  lor,  493.  Economical  furnace 
work  with  iron-pipe  stoves,  494. 

Whitwell  stoves :  At  Dunbar  furnace,  64,  65.  At  Steelton,  65.  At  Cedar  Point, 
67.     At  Etna  Iron  Works,  69.     At  Vulcan  Works,  67. 

Whopper  Lode,  Gunnison  County,  Colorado  (Frazer),  5,  249.  Geographical  position, 
249,  250.  Coal  in  the  vicinity,  analyses,  250,  251.  Developments  in  the 
Whopper  lode,  251.  Character  of  lode  and  ore,  252-255.  The  Teller  and  In- 
dex lodes,  255,  256.  Cost  of  mining,  256.  Cost  of  smelting  the  ore,  256. 
Projected  imelters,  256.  Prices  paid  for  ore  at  the  Harrison  Reduction  Works 
in  Leadvi  ,e  and  the  Boston  and  Colorado  Smelting  Works  at  Argo,  257. 
Transportation  to  Denver,  257-258. 

Williams,  Ed.,  on  Dr.  Dudley's  paper,  248. 

Williams,  R.  Price,  experience  with  steel  rails,  597. 

Williams's  forge,  72. 

Wire-drawing :  Ordinary  lubrication,  672.  Bessemer  steel  wire  requires  greater 
force  to  draw  than  soft  iron  wire,  672.  Use^of  salt  as  lubricant,  299,  673. 
Power  required  to  draw  wire  of  different  compositions,  673,  677.  Formulae 
showing  relation  between  quantities  involved  in  wire-drawing,  674-677. 

Wisconsin,  Supplement  II  to  a  Catalogue  of  official  geological  reports,  622,  631. 

WiTiiERBEE,  T.  F.,  Notes  on  Two  Scaffolds  at  the  Cedar  Point  Furnace,  6,  41. 

Witherbee  system  of  removing  scaffolds,  67. 

Witherbees,  Sherman  &  Co.,  Port  Henry,  New  York,  session  of  summer  school  of 
practical  mining,  6G6. 

WiTHEROW,  J.  P.,  Removing  Scaffolds  in  Blast  Furnaces,  60.  Use  of  Coke  in  Anthra- 
cite Furnaces,  288.     A  Modern  Charcoal  Furnace,  288. 

Wood  used  in  gas  producers  in  Sweden,  311,  313,  314. 

Wootten's  apparatus  for  burning  culm,  294. 

Work  lead  made  at  Pribram,  Bohemia,  458. 

Worcester  Felting  Company's  works,  272. 

Worcester,  Massachusetts,  action  of  sewage  on  iron,  suits  against  the  city,  268,  270. 

Wright,  C.  E.,  report  of  Commissioner  of  Mineral  Statistics  of  the  State  of  Michi- 
gan, 9. 

Wrought  iron :  Production  in  the  United  States,  296.  Tensile  strength  of  the  cold- 
rolling,  528. 

Wuth,  Otto,  analyses  of  Chateaugay  magnetite,  73,  74,  81. 

Wynnstay  Colliery,  England,  successful  use  of  the  carbonic  acid  gas  process  to  ex- 
tinguish fire,  478. 

Young  County,  Texas,  coal  in,  496. 

Zinc  blende :  In  limestone  in  Carroll  County,  Maryland,  3^.    Separated  from  iron  ore 

iby  magnetic  separator,  451. 
Ziiic  ores,  list  of,  192. 
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